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The following methods address the determination of the volatile (purgeable)
organic compounds Tisted in Tabie D-1. The methods include hexadecane
extraction, screening, and analysis. The hexadecane extraction and screening
are optjonal methods conducted to determine approximate concentrations of
volatiles in the sample. These methods are included to aid the analyst in
determining conditions for analysis. The analytical method is based on EPA
Method 624.

D-3



o

aaaaa

24679682 0 e T

9T

Analytes Determined by CLP Volatiles Analysis Method

J Table D-1.
' Contract Required
! Detection Limits@
: Water Low Soil/Sediment®, ¢
- Analyte CAS Number (ug/L) {ug/kg)
1. Chloromethane 74-87-3 10 10
2. Bromomethane 74-83-9 i0 10
3. Vinyl chloride 75-01-4 10 10
4. Chloroethane 75-00-3 10 10
5. Methylene chloride 75-09-2 5 5
6. Acetone 67-84-1 10 iC
7. Carbon disulfide 75-15-0 ) 5
8. 1,1-Dichloroethene 75-35-4 5 5
9. 1,1-Dichloroethane 75-35-3 5 5
10. 1,2-Dichloroethene (total) 540-59-0 5 5
11. Chloroform 67-66-3 5 5
12. 1,2-Dichloroethane 107-06-2 5 5
13, 2-Butanone 78-93-3 10 10
14. 1,1,1-Trichloroethana 71-55-6 5 5
16, Carbon tetrachioride 56-23-5 5 )
16. Yinyl acetate 108-05-4 10 10
17. Bromodichloromethane 76-27-4 5 5
18. 1,1,2,2-Tetrachloroethane 79-34-5 5 5
19. 1,2-Dichloropropane 78-87-5 5 5
20. cis-1,3-Dichloropropene 10061-01-5 5 5
21. Trichloroethene 79-01-6 5 5
22. Dibromochioromethane 124-48-1 5 5
23. 1,1,2-Trichloroethane 78-00-5 5 )
24. Benzene 71-43-2 ) 5
25. trans-1,3-Dichloropropene 10061-02-6 5 5
26. Bromoform 75~-25-2 5 8
27. 2-Hexanone 591-78-6 10 10
' 28. 4-Methyl-2-pentanaone 108-10-1 10 10
29. Tetrachloroethene 127-18-4 5 5
30. Toluene 108-88-3 b B
31. Chlorobenzene 108-90-7 5 5
32. Ethyl benzene 100-41-4 5 5
33. Styrene 100-42-5 5 5
34. Xylenes (total) 133-02-7 5 5

Specific detection Timits are highly matrix dependent.
limits listed herein are provided for guidance and may not always be

achievablie.
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Table D-1. Analytes Determined by CLP Volatiles Analysis
Method (Continued)

Detection limits listed for soil/sediment are based on wet weight.
The detection Timits calculated by the laboratory for soil/sediment,
calcuiated on dry weight basis as required by the contract, will be
higher.

Contract required detection limits (CRDL) for volatiles at medium levels

in soil/sediment are 100 times the listed CRDL for volatiles at low
levels in soil/sediment.
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1.1

1.2

1.3

HEXADECANE EXTRACTION OF VOLATILES FROM WATER AND .
SOIL/SEDIMENT FOR OPTIONAL SCREENING

1.0 3SUMMARY OF METHOD

For water samples, a 40-mL aliquot of sample is extracted with 2 mL
of hexadecane. This provides a minimum quantitation limit (MQL)
of:

Compounds MOL {ug/L)
Non-halogenated aromatics 40 to 50
Halogenated methanes 800 to 1000
Halogenated ethanes 400 to 500

For soil or sediment samples, 40 ml of reagent water are added to

10 g (wet weight) of soil and shaken. The water phase is in turn
extracted with 2 mlL of hexadecane. This provides a minimum quan- .
titation 1imit approximately four times higher than those listed

for water.

The hexadecane extraction and screening protocels for volatiles are
optional. These protocols are included to aid the analyst in de-
ciding whether a sample contains low or medium lavels of volatiles.
The use of these or other screening protocols could prevent satura-
tion of the purge and trap system and/or the GC/MS system. It is
recommended that these or other screening protocols be used, par-
ticularly if there is some doubt about the level of organics in a
sample. This is especially true in soil/sediment analysis.

These extraction and preparation procedures were developed for

rapid screening of water samples from hazardous waste sites. The

design of the methods thus does not stress efficient recoveries or

Tow limits of quantitation. Rather, the procedures were designed

to screen at moderate recovery and sufficient sensitivity for a .
broad spectrum of organic chemicals. The results of the analyses

D-6
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thus may reflect only a minimum of the amount actually present in
some samples. This is especially true if water soluble solvents
are present.

2.0 INTERFERENCES

2.1 Method interferences may be caused by contaminants in solvents,
reagents, glassware, and other sample processing hardware that Tead
to discrete artifacts and/or elevated baselines in the total ijon
current profiles. All of these materials must be routinely
demonstrated to be free from interferences under the conditions of
the analysis by running laboratory reagent blanks. Matrix
interferences may be caused by contaminants that are coextracted
from the sample. The extent of matrix interferences will vary
considerably from source to source, depending upon the nature and
diversity of the site being sampled.

3.0 SAMPLE COLLECTION. PRESERVATION. AND HANDLING

3.1 Samples must be protected from light and refrigerated at 4°C
(£29C) from the time of receipt until analysis or extraction.

3.2 Analysis of water or soil/sediment samples for volatiles must be
completed within 10 days of verified time of sample receipt (VTSR).

4.0 APPARATUS AND MATERIALS

4.1 Vials and caps - 2 m. for GC autosampler.

4.2 Volumetric flask - 50 mL with ground-glass stopper.

4.3 Pasteur pipets - Disposable.

4.4 Centrifuge tube ~ 50 mL with ground-glass stopper or Teflon-1lined
screw cap.

4.5 Balance - Analytical, capable of accurately weighing +0.0001 g.

D-7
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5.0 REAGENTS

5.1 Hexadecane and methanol - Pesticide residue analysis grade or

equivalent.

5.2 Reagent water - Reagent water is defined as water in which an
interferent is not cbserved at the CRDL of each analyte of

5.3

interest.

Standard Mixture 1 containing benzene, toluene, ethyl benzene, and
xylene. Standard Mixture 2 containing n-nonane and n-dodecane.

5.3.1 Stock standard solutions (1.00 ug/ul) - Stock standard solu-
tions can be prepared from pure standard materials or pur-
chased as certified solutions.

5.3.1.1

5.3.1.2

Prepare stock standard solutions by accurately
weighing about 0.0100 ¢ of pure material. Dissolve
the material in methanol and difute to volume in a
10-mL volumetric flask. Larger volumes can be used
at the convenience of the analyst. If compound
purity is certified at 96 percent or greater, the
weight can be used without correction to calculate
the concentration of the stock standard.

Transfer the stock standard solutions into multiple
Teflon-sealed, screw-cap vials. Store, with no
headspace, at -~109C to -20°C, and protect from
light. Stock standard solutions should be checked
frequently for signs of degradation or evaporation,
especially just prior to preparing calibration
standards from them. These solutions must be
replaced after six months, or sconer if compariscn
with quality control check samples indicates a
problem. Standards prepared from gases or reactive
compounds such as styrene must be replaced after

D-8




5.3.2

6.0 PROCEDURE

two months, or sooner if comparison with quality
control check samples indicates a problem.

Prepare working standards of Standard Mixtures 1 and 2 at
100 ng/ul of each compound in methanol. Store these solu-
tions as in Section 5.3.1.2 above.

6.1 Water Samples

6.1.1

6.1.2

6.1.3

Remove a 40-mL aliquot from the sample and allow the aliquot
to come to room temperature. Quickly transfer the 40-mL
sample to a 50-mL volumetric flask. Immediately add 2.0 mL
of hexadecane, cap the flask, and shake vigorously for 1
min. Let phases separate. Open the flask and add suffi-
cient reagent water to bring the hexadecane layer into the
neck of the flask.

Transfer approximately 1 mL of the hexadecane layer to a
2.0-ml. GC vial. If an emuision is present after shaking the
sample, break it by:

1. Pulling the emulsion through a small plug of Pyrex glass
wool packed in a pipet, or

2. Transferring the emulsion to a centrifuge tube and cen-
trifuging for several minutes.

Add 200 ul of working Standard Mixture 1 and 2 to separate
40-mL portions of reagent water. Follow Sections 6.1.1-
6.1.2 beginning with the immediate addition of 2.0 mL of
hexadecane.

b-9
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9.2

6.2 Soil/Sediment Samples .
6.2.1 Add approximately 10 g of soil {wet weight) to 40 mL of rea-
gent water in a 50-mL centrifuge tube with a ground glass
stopper or Teflon-lined cap. Cap and shake vigorously for
1 min. Centrifuge the capped flask brief]y. Quickly trans-
fer supernatant water to a 50-mL volumetric flask equipped
with a ground-glass stopper.

6.2.2 Follow instructions in Section 6.1, starting with the
addition of 2.0 mL of hexadecane.

6.3 Submit extracts for optional screening.

D-10
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OPTIONAL SCREENING OF HEXADECANE EXTRACTS FOR VOLATILES
1.0 SUMMARY OF METHOD

1.1 The hexadecane extracts of water and soil/sediment are screened on
a gas chromatograph/flame jonization detector (GC/FID). The re-
sults of the screen will determine if volatile organics are to be
analyzed by Tow or medium level GC/MS procedures if the sample is a
soil/sediment, or to determine the appropriate dilution factor if
the sample is wafer.

1.2 The flame jonization detector varies considerably in sensitivity
when comparing aromatics and halogenated methanes and ethanes.
Halomethanes are approximately 20 times less sensitive than
aromatics and haloethanes are approximately 10 times less
sensitive. Low molecular weight, water soluble solvents, e.g.,
alcohols and ketones, will not extract from the water, and
therefore will not be detected by the GC/FID.

2.0 SAMPLE COLLECTION. PRESERYVATION. AND HANDLING

2.1 Samples must be protected from 1ight and refrigerated at 49C
(229C) from the time of receipt until analysis or extraction.

2.2 Analysis of water or soil/sediment samples for volatiles must be
completed within 10 days of verified time of sample receipt (VTSR).

3.0 APPARATUS AND EQUIPMENT

3.1 Gas chromatograph ~ An analytical system complete with gas chroma-
tograph suitable for on-column injection and all required acces-
sories including syringes, analytical columns, gases, detector, and

strip-chart recorder. A data system is recommended for measuring
peak areaas.



- 3.1.1 Flame ijonization detector. .

g:ﬁa 3.1.2 GC column - 3 m x 2 mm I.D. glass column packed with
' 10 percent 0V-101 on 100-120 mesh Chromosorb W-HP {or
equivalent). The column temperature should be

programmed from 80°C to 2809C at 16°C/min and held at
280°C for 10 min.

4.0 REAGENTS

4.1 Hexadecane - Pesticide rasidue analysis grade or equivalent.

5.0 PROCEDURE
o
~ o 5.1 Extract Screening
o |
™~ 5.1.1 External standard calibration - Standardize the GC/FID each
@ 12-h shift for half scale response. This is done by in- .
" . jecting 1 to 5 ulL of the hexadecane extracts that contain
o approximately 10 ng/ul of the Standard Mixture 1 and Stand-
™ ard Mixture 2 compounds. Use the GC conditions specified in
- Section 3.1.2.
: ;q;”
: 5§f_ 5.1.2 Inject the same volume of hexadecane extract as the ex-
ST tracted standard mixture in Section 5.1.1. Use the GC
conditions specified in Section 3.1.2.
1 5.2 Analytical Decision
4 5,.2.1 Following are two options for interpreting the GC/FID
v chromatogram.

5.2.1.1 Option A is to use Standard Mixture 1 containing

e the aromatics to calculate an approximate concen-

Py tration of the aromatics in the sampie. Use this .
information to determine the proper dilution for
if;,;ué purge and trap GC/MS analysis if the sample is a

ERTR
w3t
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water or whether to use the low or medium level
purge and trap GC/MS analysis method if the sample
is a soil/sediment (see Table 1 for guidance).
This should be the best approach, however, the
aromatics may be absent or obscured by higher
concentrations of other purgeables. In these
cases, Option B may be the best approach,

5.2.1.2 QOption B is to use Standard Mixture 2 containing
n-nonane and n-dodecane to calcutate a factor. Use
the factor to calculate a dilution for, purge and
trap GC/MS analysis of a water sample or to
determine whether to use the low or medium level
purge and trap GC/MS analysis method for
soil/sediment samples (see Table 1 for guidance).
All purgeables of interest have retention times
less than the n-dodecane.

5.2.2 Water Samples

Compare the chromatograms of the hexadecane extract of the
sampie with those of the reagent blank and extract of the
standard.

§.2.2.1 1If no peaks are noted, other than those also in the
reagent blank, analyze a 5-mL water sample by purge
and trap GC/MS.

5.2.2.2 If peaks are present prior to the n-dodecane and
the aromatics are distinguishable, follow Option A
(Section 5.2.1.1).

D-13
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5.2.2.3

If peaks are present prior to the n-dodecane but,
the aromatics are absent or indistinguishable, us
Option B (Section 5.2.1.2) as follows:

If all peaks are ¢3 percent of. the n-nonane,
analyze a 5-mlL water sample by purge and trap
GC/Ms.

If any peaks are >3 percent of the n-nonane,
measure the peak height or area of the major peak
and calculate the dilution factor as follows:

Dilution _ Peak area of sample major peak x 50
factor Peak area of n-nonane

The water sample will be diluted using the calcu-
lated factor just prior to purge and trap GC/MS

analysis. .

5.2.3 Soil/Sediment Samples

Compare the chromatograms of the hexadecane extract of the
sample with those of the reagent blank and extract of the
standard.

5.2.3.1

5.2.3.2

§.2.3.3

If no peaks are noted, other than those also in the
reagent blank, analyze a 5-¢g sample by Tow level
purge and trap GC/MS.

If peaks are present prior to the n-dodecane and
the aromatics are distinguishable, follow Option A
(Section 5.2.1.1) and the concentration information
in Table 1 to determine whether to analyze by Tow
or medium level purge and trap GC/MS,

If peaks are present prior to the n-dodecane but .
the aromatics are absent or indistinguishable, use

D-14
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Option B and calculate an X factor using the
following formula:

Peak area of samplie major peak
X Factor Peak area of n-nonane

5.3 Using the results of the screening, analyze the samples according
to the method "GC/MS Analysis of Volatiles.”

Table 1. Determination of Purge and Trap GC/MS Methad

Approximate
X Factor Analyze by Concentration Range?
(ug/kg)
0-1.0 low level method 0-1,000
>1.0 medium level method >1,000

a. This concentration range is based on the response of
aromatics to GC/FID. When comparing GC/FID responses, the

concentration for halomethanes is 20 times higher, and that
for haloethanes is 10 times higher.

D-15



GC/MS ANALYSIS OF VOLATILES

1.0 SUMMARY OF METHOD .

1.1

1.2

Water Samples

An inert gas is bubbled through a 5-mL sample contained in a speci-
fically designed purging chamber at ambient temperature. The vola-
tiles are efficiently transferred from the aqueous phase to the
vapor phase. The vapor is swept through a sorbent column where the
volatiles are trapped. After purging is completed, the sorbent
column is heated and backflushed with the inert gas to desorb the
volatiles onto a gas chromatographic coelumn. The gas chromatograph
is temperature programmed to separate the volatiles which are then
detected with a mass spectrometer.

An aliquot of the sample is diluted with reagent water when dilu-
tion is necessary. A 5-mL aliquoi of the dilution is taken for

purging. .

Soil/Sediment Samples

1.2.1 Low Level. An inert gas is bubbled through a mixture of a
5~g sample and reagent water contained in a suggested spe-~
cially designed purging chamber (illustrated in Figure 1) at
elevated temperatures. The volatiles are efficiently trans-
ferred from the aqueous phase to the vapor phase. The vapor
is swept through a sorbent column where the volatiles are
trapped. After purging is completed, the sorbent column is
heated and backflushed with the inert gas to desorb the vol-
atiles onto a gas chromatographic column. The gas chromato-
graph is temperature programmed to separate the volatiles
which are then detected with a mass spectrometer.

1.2.2 Medium Level. A measured amount of s$o0il is extracted with
methanol. A portion of the methanol extract is diluted to.

D-16
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5 mL with reagent water. An inert gas is bubbled through
this solution in a specifically designed purging chamber at
ambient temperature. The volatiles are effectively trans-
ferred from the aqueous phase to the vapor phase. The vapor
is swept through a sorbent column where the volatiles are
trapped. After purging is completed, the sorbent column

is heated and backflushed with the inert gas to desorb the
volatiles onto a gas chromatographic column. The gas chro-
matograph is temperature programmed to separate the vola-
tiles which are then detected with a mass spectrometer.

2.0 INTERFERENCES

2.1

2.2

2.3

Impurities in the purge gas, organic compounds out-gassing from the
plumbing ahead of the trap, and solvent vapors in the laboratory
account for the majority of contamination problems. The analytical
system must be demonstrated to be free from contamination under the
conditions of the analysis by running laboratory reagent blanks as
described in Section 9.0. Avoid using non-TFE tubing, non-TFE
thread sealants, or flow controllers with rubber components in the

purging device.

Samples can be contaminated by diffusion of volafile organics
(particularly fluorocarbons and methylene chloride) through the
septum seal into the sample during storage and handling. A holding
blank prepared from reagent water and carried through the holding
period and the analysis protocol serves as a check on such contam-
ination. One holding blank per case will be analyzed. Data must
be retained by the laboratory and made available for inspection
during on-site evaluations.

Contamination by carry-over can occur whenever high level and low
level samples are sequentially analyzed. To reduce carry-over, the
purging device and sampling syringe must be rinsed with reagent
water between sample analyses. Whenever an unusually concentrated

D-17
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3.0

4.0

2.4

sample is encountered, follow it by an analysis of reagent water
to check for cross contamination. For samples containing large
amounts of water-soluble materials, suspended solids, high boiling
compounds or high purgeable levels, it may be necessary to wash out
the purging device with a detergent soTution, rinse it with
distilled water, and then dry it in a 1059°C oven between anal-
yses. The trap and other parts of the system are also subject to
contamination; therefore, frequent bake-out and purging of the
entire system may be required.

The laboratory where volatile analysis is performed must be
completely free of solvents.

SAMPLE COLLECTION. PRESERYATION, AND HANDLING

3.1 Samples must be protected from 1ight and refrigerated at 4°C
(£29C) from the time of receipt until analysis or extraction.
3.2 Analysis of water or soil/sediment samples for volatiles must be .
completed within 10 days of verified time of sample receipt (VTSR).
APPARATUS AND MATERIALS
4.1 Micro syringes - 25 uL and Targer, 0.006-in. I.D. needle.
4.2 Syringe valve - Two-way, with Luer ends (three each), if applicable
to the purging device.
4.3 Syringe - b mkL, gas tight with shut-off valve.
4.4 Balance - Analytical, capable of accurately weighing +0.0001 g and
a top-loading balance capable of weighing +0.1 g.
4.5 Glassware
4.5.1 Bottle - 15 mL, screw cap, with Teflon cap liner. .
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4.6

4.5.2

4.5.3

Volumetric flasks - Class A with ground-glass stoppers.

Vials - 2 mL for GC autosampler.

Purge and trap device - The purge and trap device consists of three

separate pieces of equipment; sample purger, trap, and desorber.
Several compliete devices are now commercially available.

4.6.1

4.6.2

4.6.3

The sample purger must be designed to accept 5-mL samples
with a water column at least 3-cm deep. The gaseous head
space between the water column and the trap must have a
total volume of less than 15 mL. The purge gas must pass
through the water column as finely divided bubbles, each
with a diameter of less than 3 mm at the origin. The purge
gas must be introduced no more than 5 mm from the base of
the water column. The sample purger, illustrated in

Figure 2, meets these design criteria. Alternate sample
purge devices may be used provided equivalent performance is
demonstrated.

The trap must be at Teast 25-cm long and have an inside
diameter of at least 0.105 in. The trap must be packed to

contain the following minimum lengths of absorbents: 15 cm
of 2,6-diphenylene oxide polymer (Tenax-GC 60/80 mesh) and

8 cm of silica gel {Davison Chemical, 35/60 mesh, grade 15,
or equivalent). The minimum specifications for the trap are
i1lustrated in Figure 3.

The desorber should be capable of rapidly heating the
trap to 180°C. The polymer section of the trap should
not be heated higher than 180°C and the remaining sec-
tions should not exceed 220°C during bakeout mode. The
desorber design, illustrated in Figure 3, meets these
criteria.
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4.7

4.6.4 The purge and trap device may be assembled as a separate
unit or be coupled to a gas chromatograph as illustrated i
Figqures 4 and 5.

4.6.5 A heater or heated bath capable of maintaining the purge
device at 40°C + 1°C.

GC/MS System

4.7.1 Gas chromatograph - An analytical system complete with a
temperature-programmable gas chromatograph suitable for on-
column injection and all required accessories including
syringes, analytical columns, and gases.

4.7.2 Column - 6 ft long x 0.1 in. I.D. glass, packed with 1 per-
cent SP-1000 on Carbopack B (60/80 mesh) or equivalent.
Note: Capillary columns may be used for analysis of vola-
tiles, as long as the analyst follows the analytical proce-
dures in EPA Method 524.2, uses the internal standards and
surrogates specified in this contract, and demonstrates th

the analysis meets all of the performance and QA/QC criteria
contained in this method.

4.7.3 Mass spectrometer - Capable of scanning from 35 to 260 amu
every 3 s or less, using 70 V (nominal) electron energy in
the electron-impact-ionization mode and producing a mass
spectrum which meets all the criteria in Table 2 (see Sec-
tion 8.0) when 50 ng of 4-bromofluorobenzene (BFB) is
injected through the gas chromatograph inlet.

4.7.4 GC/MS interface - Any gas chromatograph to mass spectro-
meter interface that gives acceptable calibration points
at 50 ng or less per injection for each of the parameters
of interest and achieves all acceptable performance cri-
teria (Section 9.0) may be used. Gas chromatograph to
mass spectrometer interfaces constructed of all-glass or .
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4.7.5

5.0 REAGENTS

5.

1

glass-lined materials are recommended. Glass can be
deactivated by treating with dichlorodimethylsilane.

Data system - A computer system must be interfaced to the
mass spectrometer that allows the continuous acquisition and
storage on machine-readable media of all mass spectra ob-
tained throughout the duration of the chromatographic pro-
gram. The computer must have software that allows searching
any GC/MS data'fi1e for ions of a specified mass and plot-
ting such ion abundances versus time or scan number. This
type of plot is defined as an Extracted Ion Current Profile
(EICP). Software must also be available that allows inte-
grating the abundance in any EICP between specified time or
scan number limits.

Reagent water - Reagent water is defined as water in which an
interferent is not observed at or above the CRDL of the analytes of

interest.

5.1.1

5.1.2

5.1.3

Reagent water may be generated by passing tap water through
a carbon filter bed containing about 483 g of activated
carbon (Calgon Corp., Filtrasorb-300 or equivalent).

A water purification system (Millipore Super-Q or equiva-
lent) may be used to generate reagent water.

Reagent water may also be prepared by boiling water for

15 min. Subsequently, while maintaining the temperature

at 90°C, bubble a contaminant-free inert gas through the
water for one hour. While still hot, transfer the water fo
a narrow-mouth screw-cap bottle and seal with a Teflon-lined
septum and cap.
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5.2 Sodium thiosulfate - (ACS) granular. .

5.3 Methanol - Pesticide quality or equivalent.

5.4 Stock standard solutions - Stock standard solutions may be
purchased or prepared from pure standard materials and must be
traceable to standards supplied by EPA's Environmental Monitoring
Systems Laboratory at Las Vegas (EMSL-LY). Prepare stock standard
solutjons in methanol using assayed liquids or gases, as
appropriate.

5.4.1 Place about 9.8 mL of methanol into a 10.0-mL tared ground-
glass stoppered volumetric flask. Allow the flask to stand,

5.4.2

unstoppered, for about 10 min or until all alcohol-wetted

surfaces have dried, Weigh the flask to the nearest 0.1 mg.

Add the assayed reference material as described below.

5.4.2.1 Lliquids - Using a 100-uL syringe, immediately add.

5.4.2.2

two or more drops of assayed reference material to
the flask then reweigh. The liquid must fall
directly into the alcohol without contacting the
neck of the fiask.

Gases - To prepare standards for any of the

four halocarbons that boil below 309C
(bromomethane, chloroethane, chloromethane, and
vinyl chloride), fill a 5-mL vaived, gas-tight
syringe with the reference standard to the 5.0-mL
mark. Lower the needle to 5 mm above the methanol
meniscus. Slowly introduce the reference standard
above the surface of the liquid. The heavy gas
rapidly dissolves in the methanol. This may also
be accomplished by using a lecture bottle equipped
with a Hamilton Lecture Bottle Septum

(no. 866600). Attach Teflon tubing to the side—arm.
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5.5

5.6

relief valve and direct a gentle stream of gas into
the methanol meniscus.

5.4.3 Reweigh, dilute to volume, stopper, then mix by inverting
the flask several times. Calculate the concentration in
micrograms per micro-liter from the net gain in weight.

When compound purity is assayed to be 96 percent or greater,
the weight may be used without correction to calculate the
concentration of the stock standard. Commercially prepared
standards may be used at any concentration if they are cer-
tified by the manufacturer. Commercial standards must be
traceable to standards supplied by EMSL-LV.

5.4.4 . Transfer the stock standard solution into multiple Teflon-
sealed, screw-cap bottles. Store with no headspace at
-109C to -20°C and protect from light. Once one of the
bottles containing the standard solution has been opened, it
may be used for at most one week.

5.4.5 Prepare fresh standards every two months for gases or for
reactive compounds such as styrene., All other standards
must be replaced after six months, or sooner if comparison
with check standards indicates a problem.

Secondary dilution standards - Using stock standard solutions, pre-
pare secondary dilution standards in methanol that contain the com-
pounds of interest, either singly or mixed together. (See Sec-
tion 9.0.) Secondary dilution standards should be stored with
minimal headspace and should be checked frequently for signs of
degradation or evaporation, especially just prior to preparing
calibration standards from them.

Surrogate standard spiking solution - Prepare stock standard

solutions for toluene-dg, p-bromofluorobenzene, and 1,2-
dichloroethane~-d4 in methanol as described in Section 5.4.
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6.0

Prepare a surrogate standard spiking solution from these stock .
standards at a concentration of 250 ug/10 mL in methanol.

5.7 Matrix Spiking Selution

5.7.1 Prepare a spiking solution in methanol that contains the
following compounds at a concentration of 250 ug/10 miL:

1,1-dichloroethene
trichlorocethene
chlorobenzene
toluene

benzene

5.7.2 Matrix spikes also serve as duplicates; therefore, add an
aliquot of this solution to each of two portions from one

sample chosen for spiking. .
5.8 BFB Standard - Prepare a 25-ng/ul solution of BFB in methanol.

5.9 Great care must be taken to maintain the integrity of all
standard solutions. Store all standard solutions at -10°C to
-209C in screw-cap amber bottles with TefTon liners.

CALIBRATION

6.1 Assemble a purge and trap device that meets the specification
in Section 4,6. Condition the trap overnight at 180°C in the
purge mode with an inert gas flow of at least 20 cm3/min.
Daily, prior to use, condition the traps for 10 min while
backflushing at 1809C with the column at 2209C.

6.2 Connect the purge and trap device to a gas chromatograph. The gas
chromatograph must be operated using temperature and flow rate .
parameters equivalent to those in Section 7.1.2. Calibrate the

purge and trap GC/MS system using the internal standard technique
(Section 5.3).
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6.3 Internal standard calibration procedure. The three internal
standards are bromochloromethane, 1,4-difluorobenzene, and
chlorobenzene-dg, at 50 ug/L at time of purge.

6.3.1 Prepare calibration standards at a minimum of five concen-

6.3.

6.3.

2

3

tration levels for each method parameter. The concentration
levels are specified in Section 9.0. Aqueous standards may
be stored up to 24 h, if held in sealed vials with zero
headspace at -109C to -20°C and protected from light.

If not so stored, they must be discarded after one hour.

Prepare a spiking soiution containing each of the internal
standards using the procedures described in Sections 5.4 and
5.5, It is recommended that the secondary dilution standard
be prepared at a concentration of 25 ug/mlL of each internal
standard compound. The addition of 10 ul of this standard
to 5.0 mL of sample or calibration standard would be equiva-
lent of 50 ug/L.

Tune the GC/MS system to meet the criteria in Section 9.0 by
injecting BFB. Analyze each calibration standard, according
to Section 7.0, adding 10 uL of internal standard spiking
solution directly to the syringe. Tabulate the area
response of the characteristic ions against concentration
for each compound and internal standard and calculate
relative response factors (RRFs) for each compound using the
following equation.

A C.
RRF = 2. x .8
Ais cx
where:
Ay = Area of the characteristic ion for the compound to

be measured
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6.3.4

6.3.5

Ajs = Area of the characteristic ion for the specific
internal standard from Section 9.0

Cijs = Concentration of the internal standard

Cy = Concentration of the compound to be measured.

The average RRF must be calcu-iated for all compounds. A
system performance check must be made before this
calibration curve is used. Five compounds (the system
performance check compounds, SPCC) are checked for a minimum
average relative response factor. These SPCC are
chloromethane, 1,1-dichlorcethane, bromeform, 1,1,2,2-
tetrachloroethane, and chlorobenzene. Six compounds (the
calibration check compounds, CCC) are used to evaluate the
curve., These CCC are 1,1-dichlorocethene, chloroform,
1,2,-dichloropropane, toluene, ethylbenzene, and vinyl
chloride. Calculate the percent relative standard deviat

(%RSD) of RRF values over the working range of the curve. A
minimum %RSD for each CCC must be met before the curve is
valid.

9RSD = Standard deviation x 100

Mean

A check of the calibration curve must be performed once
every 12 h. The minimum RRF for the SPCC must be checked.
If this criterion is met, the RRFs of all compounds are
calculated and reported. A percent difference of the daily
RRF (12 h) compared to the average RRF from the initial
curve is calculated. The maximum percent difference allowed
for each CCC in Form VII (Figure 6) is checked. Only after
both these criteria are met can sample analysis begin.

o
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6.3.6

7.0 PROCEDURE

Internal standard responses and retention times in alil
standards must be evaluated during or immediately after data
acquisition. If the retention time for any internal stand-
ard changes by more than 30 s from the latest daily (12 h)
calibration standard, the chromatographic system must be
inspected for malfunctions, and corrections made as
required. The extracted ion current profile (EICP) of the
internal standards must be monitored and evaluated for each
standard. If the EICP area for any internal standard
changes by more than a factor of two (-50 to +100 percent),
the mass spectromeiric system must be inspected for
malfunction and corrections made as appropriate. When
corrections are made, re-analysis of samples analyzed while
the system was malfunctioning is necessary.

7.1 Instrumental Operating Conditions

7.1.1

7.1.2

Mass spectrometer

Electron Energy: 70 V {nominal)

Mass Range: 35 to 260 amu

Scan Time: to give at least b scans/
peak and not to exceed
3 s/scan.

Gas chromatograph - Column temperature should be held
isothermal at 45°C for 3 min, then programmed at 8°C/min
to 220°C and held for 15 min. Injector temperature is
200 to 2259C. Source temperature is set according to
the manufacturer’s specifications. Transfer line
temperature is 250 to 300°C. The recommended carrier
gas is helium at 30 cm3/s. (See EPA Method 524.2 for
capillary coiumn conditions.)
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7.2

7.1.3

7.1.4

After achieving the key ion abundance criteria, ca]ibrate.
the system daily as described in Section 9.0.

Adjust the purge gas (helium) Tlow rate to 25 to 40
em3/min. Variations from this flow rate may be neces-
sary to achieve better purging and collection efficien-
cies for some compounds, particularly chilorcmethane and
bromoform.

Water Samples

7.2.1

7.2.2

7.2.3

A1l samples and standard solutions must be allowed to warm
to ambient temperaiure before analysis.

Remove the plunger from a 5-mL syringe and attach a closed
syringe valve. Open the sample or standard bottle which has
been allowed to come to ambient temperature, and carefully
pour the sample into the syringe barrel to just short of
overflowing. Replace the syringe plunger and compress the
sample. Open the syringe valve and vent any residual air

while adjusting the sample volume fo 5.0 mL. This process
of taking an aliquot destroys the validity of the sample for

future analysis so if there is only one sample vial for
volatiles organic analysis, the analyst should fi1l a second
syringe at this time to protect against possible loss of
sampie integrity. This second sample is maintained only
until such a time when the analyst has determined that the
first sample has been analyzed properly. Filling one 20-mL
syringe would allow the use of only one syringe. If a
second analysis is needed from the 20-mlL syringe, it must be
analyzed within 24 h. Care must also be taken to prevent
air from leaking into the syringe.

The optional screening of hexadecane extracts for voTatiIes,.
if used, will have shown the approximate concentrations of
major sample components. If a dilution of the sampie was
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7.2.4

indicated, this dilution shall be made just prior to GC/MS
analysis of the sample. A1l steps in the dilution procedure
must be performed without delays until the point at which
the diluted sample is in a gas-tight syringe. The following
procedure will allow for dilutions near the calculated dilu-
tion factor from the screening procedure.

7.2.3.1 All dilutions are made in volumetric flasks (10 ml
to 100 mi).

7.2.3.2 Select the volumetric flask that will allow for the
necessary dilution. Intermediate dilutions may be
necessary for extremely large dilutions.

7.2.3.3 Calculate the approximate volume of reagent water
which will be added to the volumetric flask se-
lected and add slightly less than this quantity of
reagent water to the flask,

7.2.3.4 Inject the proper aliquot froem the syringe prepared
in Section 7.2.2 into the volumetric flask. Ali-
quots of less than l-mL increments are prohibited.
Dilute the flask to the mark with reagent water.
Cap the flask, invert, and shake three times.

7.2.3.5 Fill a b-mL syringe with the diluted sample as in
Section 7.2.2.

7.2.3.6 If this is an intermediate dilution, use it and
repeat above procedure to achieve larger dilutions.

Add 10.0 ul of the surrogate spiking solution (Section 5.6)
and 10.0 uL of the internal standard spiking solution

(Section 5.3.2) through the valve bore of the syringe, then
close the valve. The surrogate and internal standards may
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7.2.5

7.2.6

7.2.7

7.2.8

7.2.9

be mixed and added as a single spiking solution. The ao.
tion of 10 uL of the surrogate spiking solution to 5 mL of
sample is equivalent to a concentration of 50 ug/L of each
surrogate standard.

Attach the syringe-syringe valve assembly to the syringe
valve on the purging device. Open the syringe valves and
inject the sample into the purging chamber.

Close both valves and purge the sample for 11.0 x .1 min
at ambient temperature.

At the conclusion of the purge time, attach the trap to the
chromatograph, adjust the device to the desorb mode, and
begin the gas chromatographic temperature program. Con-
currently, introduce the trapped materials to the gas
chromatographic column by rapidly heating the trap to

1809C while backflushing the trap with an inert gas .

between 20 to 60 cm3/min for 4 min. If this rapid
heating requirement cannot be met, the gas chromatcgraphic

column must be used as a secondary trap by cooling it
to 309C (or subambient, if problems persist) instead of
the recommended initial temperature of 459C,

While the trap is being desorbed into the gas chromato-
graph, empty the purging chamber. Wash the chamber with a
minimum of two 5-mL flushes of reagent water to avoid
carryover of pollutant compounds.

After desorbing the sample for 4 min, recondition the trap

by returning the purge and trap device to the purge mode.
Wait 15 s, then close the syringe valve on the purg-

ing device to begin gas flow through the trap. The

trap temperature should be maintained at 180°C. Trap
temperatures up to 220°C may be employed, however Lhe .
higher temperature will shorten the useful life of the
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7.3

7.2.10

7.2.11

7.2.12

trap. After approximately 7 min, turn off the trap heater
and open the syringe valve to stop the gas flow through the
trap. When cool, the trap is ready for the next sample.

If the initial analysis of a sample or a dilufion of a
sample has concentrations of method analytes tﬁﬁt exceed
the initial calibration range, the sample must be reana-
lyzed at a higher dilution. Secondary ion quantitation is
only allowed when there are sample interferences with the
primary jon. If secondary ion quantitation is used, docu-
ment the reasons in the Case Narrative. When a sample is
analyzed that contains saturated jons from a compound, this
analysis must be followed by a blank reagent water anal-
ysis. If the blank analysis is not free of interferences,
the system must be decontaminated. Sample analysis may
not resume until a blank can be analyzed that is free of
interferences.

Add 10 ul of the matrix spiking solution (Section 5.7) to
the 5 mL of sample purged. Disregarding any dilutions,
this is equivalent to a concentration of 50 ug/L of each
matrix spike standard.

A1l dilutions must keep the response of the major constit-
uents (previously saturated peaks) in the upper half of the
linear range of the curve.

So0j1/3ediment Samples

Two approaches may be taken to determine whether the low level or
medium level method may be followed:

1. Assume the sample is low level and analyze a 5-g sample.

2. Use the X Factor calculated from the method for optional
screening of hexadecane extracts for volatiles.
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If peaks are saturated from the analysis of a 5-g sample, a smaller
sample size must be analyzed to prevent saturation. However, the;
smallest sample size permitied is 1 g. If smaller than 1-g sample
size is needed to prevent saturation, the medium level method must
be used.

7.3.1 Low Level Soil Method

The Tow level soil method is based on purging a heated
sediment/soil sample mixed with reagent water containing
the surrogate and internal standards. Analyze all reagent
blanks and standards under the same conditions as the
samples.

Use 5 g of sample or use the X Factor to determine the
sample size for purging.

1. If the X Factor is 0 (no peaks noted on the hexadecane
screen), analyze a 5-g sample. .

2. If the X Factor is between 0 and 1.0, analyze a minimum
of a 1-g sample.

7.3.1.1 The GC/MS system should be set up as specified in
Section 7.1. This should be done before prepar-
ing the sample to avoid loss of volatiles from
standards and sampie., A heated purge calibration
curve must be prepared and used for the quantita-
tion of all samples analyzed with the Tow level
method. Follow the initial and daily calibra-
tion instructions except for the addition of a
40°C purge temperature.

7.3.1.2 To prepare the reagent water containing the sur-

rogates and internal standards, remove the plunger
from a 5-mb Luerlock syringe equipped with a .
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7.3.1.3

7.3.1.4

syringe valve and fill until overflowing with rea-
gent water. Replace the plunger and compress the
water to vent trapped air. Adjust the volume to
5.0 mL. Add 10 ul. each of the surrogate spiking
solution (Section 5.6) and the internal standard
solution to the syringe through the valve. The
surrogate and internal standards may be mixed and
added as a single spiking solution. The addition
of 10 uL of the surrogate spiking solution to 5 g
of soil/sediment is equivalent to 50 ug/kg of each
surrogate standard.

The sample consists of the entire contents of the
sample container. Do not discard any supernatant
liquids. Mix the contents of the samplie container
with a narrow metal spatula. Weigh the amount
determined in Section 7.3.1 into a tared purge
device. Use a top loading balance. Note and
record the actual weight to the nearest 0.1 g.

Immediately after weighing the sample, weigh 5 to
10 g of the sediment into a tared crucible. Deter-
mine the percent moisture by drying overnight

at 1059C. Allow to cool in a desiccator before
weighing. Concentrations of individual analytes
will be reported relative to the dry weight of
sediment.

Percent moisture =

Weight of sample(g) - Weight of dry sample(g)
X

7.3.1.5

Weight of sample (g) 100

Add the spiked reagent water to the purge device
and connect the device to the purge and trap sys-
tem. Note: Prior to the attachment of the purge
device, Sections 7.3.1.2 and 7.3.1.3 must be per-
formed rapidly to avoid loss of volatiles. These
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7.3.2

steps must be performed in a laboratory free of .
solvent fumes. .

7.3.1.6 Heat the sample to 40°C + 19C and purge the
sampie for 11.0 £ 0.1 min.

7.3.1.7 Proceed with the analysis as outlined in Sections
7.2.7 to 7.2.10. Use 5 mL of the same reagent
water as the reagent blank.

7.3.1.8 Add 10 ulL of the matrix spiking solution (Section
5.7) to the 5 mL of water (Section 7.3.1.2). The
concentration for a 5-g sample would be equivalent
to 50 ug/kg of each matrix spike standard.

Medium Level Soil Method

The medium level soil method is based on extracting the
soil/sediment sample with methanol. An aliquot of the .
methanol extract is added to reagent water containing the
surrogate and internal standards. This is purged at ambient
temperature. A7l samples with an X Factor >1.0 should be
analyzed by the medium level method. If saturated peaks
occurred or would occur when a 1-g sample was analyzed, the
medium level method must be used.

7.3.2.1 The GC/MS system should be set up as specified in
Section 7.1. This should be done prior to the
addition of the methanol extract to reagent water.

7.3.2.2 The sample consists of the entire contents of the
sample container. Do not discard any supernatant
liguids. Mix the contents of the sample container
with a narrow metal spatula. Weigh 4 g (wet
weight) into a tared 15-mL vial. Use a top Toadin
balance. Note and record the actual weight to theb
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nearest 0.1 g. Determine the percent moisture as
in Section 7.3.1.4.

Quickly add 9.0 mL of methanol, then 1.0 mL of the
surrogate spiking solution to the vial. Cap and
shake for 2 min. Note: Sections 7.3.2.1 and
7.3.2.2 must be performed rapidly to avoid loss

of volatiles. These steps must be performed in a
laboratory free of solvent fumes.

Using a disposable pipet, transfer approximately
1 mbL of extract into a GC vial for storage. The
remainder may be disposed of. Transfer approxi-
mately 1 mL of the reagent methanol to a GC vial
for use as the method blank for each case or

set of 20 samples, whichever is more frequent.
These extracts may be stored in the dark at 4°C
(£20C) prior to analysis.

The addition of a 100-ulL aliquot of each of these
extracts in Section 7.3.2.6 will give a concentra-
tion equivalent to 6200 ug/kg of each surrogate
standard.

Use Table 1 to determine the volume of methanol
extract to add to the 5 mL of reagent water for
analysis. If the optional screening of hexadecane
extracts was performed, use the X Factor (Option B)
or the estimated concentration (Option A) to deter-
mine the appropriate volume. Otherwise, estimate
the concentration range of the sample from the Tow
level analysis to determine the appropriate vol-
ume. If the sample was submitted as a medium level
sample, start with 100 ulL.
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A1l dilutions must keep the response of the major
constituents (previously saturated peaks) in the .
upper half of the linear range of the curve.
Calcutlate appropriate dilution factor for
concentrations exceeding this table.

Table 1. VYolume of Methanol Extract
to be Used for Analysis

—

Estimated Yolume of
X Factor Concentration Range? Methanol Extractb _
(ug/kg) (ul)
0.26 - 5.0 500 - 10,000 100
0.5 10.90 1000 - 20,000 50
2.5 - 50.0 5000 - 100,000 10
2.5 250.0 25,000 - 500,000 100 of 1/50 dilution®¢

Actual concentration ranges could be 10 to 20 times higher than this
if the compounds are halogenated and the estimates are from GC/FID.

The volume of methanol added to the 5 mL of water being purged .
should be kept constant. Therefore, add to the 5 mL syringe what-

ever volume of methanol is necessary to maintain a volume of 100 ul
added to the syringe.

Dilute an aliquot of the methanol extract and then take 100 ul for
analysis.

7.3.2.6 Remove the plunger from a 5-mL Luerlock syringe
equipped with a syringe valve and fill until over-
flowing with reagent water. Replace the plunger
and compress the water to vent trapped air. Adjust
the volume to 4.9 mL. Pull the plunger back to &
mL to allow volume for the addition of sample and
standards. Add 10 ul of the internal standard
solution. Also add the volume of methanol extract
determined in Section 7.3.2.5 and a volume of meth-
anol solvent to total 100 ul (excluding methanel in

standards).
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7.3.2.7 Attach the syringe-syringe valve assembly to the
syringe valve on the purging device. Open the
syringe valve and inject the water/methanol sample
into the purging chamber.

7.3.2.8 Proceed with the analysis as ocutlined in Sections
7.2.6 to 7.2.10. Analyze all reagent blanks on the
same instrument as the samples. The standards
should also contain 100 uL of methanol to simulate
the sample conditions.

7.3.2.9 For a matrix spike in the medium level sediment/
soil samples, add 8.0 mL of methanol, 1.0 mL of
surrogate spiking solution (Section 5.6), and 1.0
mL of matrix spiking solution (Section 5.7) in Sec-
tion 7.3.2.2. This results in a 6200 ug/kg con-
centration of each matrix spike standard when added
to a 4-g sample. Add a 100-ulL aliquot of this ex-
tract to 5 mL of water for purging (as per Section
7.3.2.8).

7.4 Qualitative Analysis

7.4.1 The method analytes shall be identified by an analyst com-
petent in the interpretation of mass spectra (by comparison
of the sample mass spectrum to the mass spectrum of a stand-
ard of the suspected compound). Two criteria must be satis-
fied to verify the identifications: (1) elution of the
sample component at the same GC relative retention time as
the standard component, and (2) correspondence of the sample
component and standard component mass spectra.

7.4.1.1 For establishing correspondence of the GC relative

retention time (RRT), the sample component RRT must
compare within +0.06 RRT units of the RRT of the
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7.4.1.2

7.4.1.3

standard component. For reference, the standard g
must be run on the same shift as the sample. If
coelution of interfering components prohibits
accurate assignment of the sample component RRT
from the total ion chromatogram, the RRT should be
assigned by using EICPs for jons unique to the com-
ponent of interest.

For comparijson of standard and sample component
mass spectra, standard mass spectra obtained on the
GC/MS system are required. Once obtained, these
standard spectra may be used for identification
purposes, only if the GC/MS system meets the daily
tuning requirements for BFB. These standard spec-
tra may be obtained from the run used to obtain
reference RRTs.

The requirements for qualitative verification by
compariscn of mass spectra are as follows: .

7.4.1.3.1 All ions present in the standard mass
spectra at a relative intensity greater
than 10 percent (most abundant ion in
the spectrum equals 100 percent) must be
present in the sample spectrum.

7.4.1.3.2 The relative intensities of ions speci-
fied in Section 7.4.1.3.1 must agree
within plus or minus 20 percent between
the standard and sample spectra.
(Exampie: For an ion with an abundance
of 50 percent in the standard spectra,
the corresponding sample abundance must
be between 30 and 70 percent.)
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7.4.2

7.4.1.3.3 TIons greater than 10 percent in the
sample spectrum but not present in the
standard spectrum must be considered and
accounted for by the analyst making the
comparison. The verification process
should favor false positives. All
compounds meeting the identification
¢riteria must be reported with their
spectra. For all compounds below the
CRDL, report the actual value followed
by a "J", e.g., "3J."

7.4.1.4 1If a compound cannot be verified by all of the
criteria in Section 7.4.1.3, but in the technical
judgment of the mass spectral interpretation
specialist, the identification is correct, then the
analyst shall report that identification and
proceed with quantification in Section 8.0.

A library search shall be executed for non-method analytes

for the purpose of tentative identification. For this pur-
pose, the 1985 release of the National Bureau of Standards

{NBS) Mass Spectral Library {or more recent release), con-

taining 42,261 spectra, shall be used. Computer-generated

library search routines must not use normalization routines
that would misrepresent the library or unknown spectra when
compared to each other.

7.4.2.1 Up to ten non-method analytes of greatest apparent
concentration shall be tentatively identified via a
forward search of the NBS Mass Spectral Library.
{Substances with responses less than 10 percent of
the internal standard are not required to be
searched in this fashion.) Only after visual
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7.4.2.2

comparison of sample spectra with the nearest .
library searches will the mass spectral interpreta-
tion specialist assign a tentative identification.
Computer-generated library search routines must not
use normalization routines that would misrepresent
the library or unknown spectra when compared to

each other.

Guidelines for making tentative identification:

1. Relative intensities of major ions in the
reference spectrum (jons greater than 10
percent of the most abundant ion) should be
present in the sample spectrum.

2. The relative intensities of the major ions
should agree within +20 percent. (Example:
For an ion with an abundance of 50 percent of

the standard spectra, the corresponding sample
jon abundance must be between 30 and

70 percent.)

3. Molecular ions present in reference spectrum
should be present in sample spectrum.

4., 1Ions present in the sample spectrum but not in
the reference spectrum should be reviewed for
possible background contamination or presence
of coeluting compounds.

5. Ions present in the reference spectrum but not
in the sample spectrum should be reviewed for
possible subtraction from the sample spectrum
because of background contamination or .

D-40



9

) 7 ]

]
{
.

y2 1 2 @7

a
Table 1. Examples of Orders of Elution of Pesticides/PCBs

H

Analyte Coiumn 1 Column 2 Column 3
" alpha-BHC 1.45 1.64 1.86
gamma-BHC 1.86 1.54 2.37
beta-BHC 2.18 1.76 2.75
" Heptachlor 2.27 3.21 2.58
deita-BHC 2.56 2.01 2.80
Aldrin 2.76 4.01 2.93
- Heptachlor epoxide 4.31 4.98 5.53
Endosulfan I 5.46 6.26 7.08
4,4 -DDE 6.37 7.51 6.03
Dieldrin 6.74 7.38 8.59
Endrin 8.25 8.35 10.14
. 4,4*-DDD 10.08 9.53 10.57
Endosulfan II 10.14 8.35 12.88
4,4'-DDT 12.06 12.75 11.55
Endrin aldehyde 13.64 9.53 21.11
Endosulfan sulfate 16.73 11.09 31.27
Endrin ketone 22.70 - 33.16
- gamma Chlordane 4.77 5.74 5.25
~alpha Chlordane 5.24 6.39 5.70
* Toxaphene mr mr mr
© Aroclor-10156 mr mr mr
Aroclor-1221 mr mr mr
* Aroclor-1232 mr mr mr
Aroclor-1242 mr mr mr
.- Aroclor-1248 mr mr mr
Aroclor-1254 mr mr mr
Aroclor-1260 mr mr mr
Methoxychleor 24.07 19.60 18.12
Dibuty] chlorendate 21.80 27.21 22.26

a. mr = Multiresponse compounds.

Column 1 conditions:

Gas Chrom Q (80/100 mesh) or equivaient coated

with 1.5 percent 0V-17/1.95 percent 0V-210 or equivalent packed in a
1.8-m long x 2-mm I.D. (6-mm 0.D.) glass column with 5 percent methane/

95 percent argon carrier gas at a flow rate of 30 mL/min. (HP 5880)
Column temperature, isothermal at 192°0C.

2-mm I.D.

column with

80/100 mesh does not adequately resolve dibutylchlorendate and endrin

ketone.

Column 2 conditions:

Gas Chrom Q (100/120 mesh) or equivalent coated

with 3 percent 0V-1 or equivalent packed in a 1.8-m long x 2-mm I.D. (6~mm
0.D.) glass column with 5 percent methane/95 percent argon carrier gas at

a flow rate of 30 mL/min. (30 mi/min makeup gas).
Column temperature, isothermal at 194¢C.

Column 3 conditions:

(Tracer 222.)

Gas Chrom @ (80/100 mesh) or equivalent coated

with 5 percent 0V-210 packed in a 1.8-m x 2-mm I.D. (6-mm 0.D.) glass
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Table 1. Examples of Orders of Elution of Pesticides/PCBs (Continued) .

column with 5 percent methane/95 percent argon carrier gas at a flow rate of
30 ml/min. (30 m1/min makeup gas). HP5840. Column temperature,
isothermal at 183°C.

Capillary column 1 conditions: 30-m x 0.25-mm I.D., 0.25 micron film thick-
ness, fused silica DB-5 (or equivalent) spiitless mode
Helium carrier gas: 4 mL/min at 280°C and 25 psi
Septum purge: 15 mL/min
Split vent: none
Initial temperature: 160°C, initial hold - 2 min
Program at 5°C/min
Final temperature: 270°C, final hold - 4 min
Injection port temperature: 2259C

Capillary column 2 conditions: 10-m x 0.32-mm I.D., 1 micron film thickness,
fused silica DB-1701, splitless mode
Helium carrier gas: 4 mL/min at 180°C and 25 psi
Septum purge: 15 mL/min
Split vent: none
Initial temperature: 1609C, initial hold - 3 min
Program at 10°C/min to 2409C
Program from 240 to 2709C at 5°C/min

Final hold: 4 min
Injection port temperature: 2329C .
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4.3

the analyst. If compound purity is certified at 96 percent
or greater, the weight can be used without correction to
calculate the concentration of the stock standard. Commer-
cially prepared stock standards can be used at any concen-
tration if they are traceable by EPA's Environmental
Monitoring System Laboratory - Las Yegas, Nevada (EMSL-LVY)
to standards supplied.

4,2.2 Transfer the stock standard solutions into a bottle/vial
with Teflon-lined septa. Store at 40°C (22°C) and pro-
tect from light. Stock standard solutions must be replaced
after 12 months, or soconer if comparison with check
standards indicates a probiem.

Working standards solutions - Prepare mixtures of standards diluted
with hexane that will provide approximately half-scale response for
all the compounds of interest. This should be at the attenuation
setting capable of achieving the contract required detection limits
(Table D-3). (This would be approximately 0.01 ng/ul for aldrin.)
A1l individual component standards must be in two mixtures for
packed column. One mixture jis acceptable when using capiliary.
Include dibutylchlorendate in all the standard mixtures. All
muiticomponent standards--i.e., PCB Aroclors and toxaphene--must be
in separate solutions with the exception of Aroclors 1016/1260.
Include dibutylchlorendate in all multicomponent standard mixtures.

4.3.1 Evaluation standard mixtures - Prepare working standard
mixtures diiuted with hexane containing aldrin, endrin,
4,4'-DDT, and dibutylchlorendate to evaluate the GC column.
Prepare three concentration levels to provide the following
criteria.

4,.3.1.1 Low level will be approximately 20 percent above
base line (Evaluation Standard Mixture A).

4.3.1.2 Mid Tevel will be approximateily half scale {Evail-
uvation Standard Mixture B).
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4.3.1.3 High level will be approximately full scale (Eval-
uation Standard Mixture C). (Dibutylchlorendate
must be 0.1 ng/uk to correspond with 100 percent

at

surrogate recovery in 10-mL final volume. This may
be siightly greater than full scaTe but should
stiil be in linear range.)

4.3.2 Individual standard mixtures - These include ajl single com-
ponent pesticide method parameters plus alpha chlordane,
gamma chlordane, endrin ketone, endrin aldehyde and dibutyl-
chlorendate (see Section 6.1.4 for suggested mixtures).
Alpha and gamma chiordane should be in Mixture B to avoid
overlap with other pesticides.

5.0 CALIBRATION

5.1 The gas chromatographic system must be calibrated using the
external standard technique for all packed columns used for .
quantitation.

5.2 External Standard Calibration Procedure

-:jﬁ 5.2.1 Prepare calibration standards at a minimum of three concen-

tration levels for each parameter of interest by adding vol-
umes of one or more stock standards to a volumetric flask
and diluting to volume with hexane. One of the external
standards should be at a concentration near, but above, the
contract required determination 1imit (CRDL) and the other
concentrations should correspond to the expected range of
concentrations found in real samples or should define the

j-f working range of the detector. This should be done on each

quantitation column and each instrument at the beginning of

the contract period and each time a new column is

installed. The data must be retained by the laboratory and

made available for inspection during on-site evaluations. .
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5.2.2 Using injections of 2 to 5 uL of each calibration standard,
tabulate peak height or area responses against the mass
injected. The results can be used to prepare a calibration
curve for each compound.

6.0 GC/EC PRIMARY ANALYSIS

Adjust oven temperature and carrier gas flow rates so that the retention
time for 4,4'-DDT is equal to or greater than 12 min.

Table 1 provides examples of operating conditions for the gas chromato-
graph. Separation should be 225 percent resolution between peaks. Per-
cent resolution is calculated by dividing the height of the valley by
the peak height of the smaller peak being resolved, multiplied by 100.
This criterion must be considered when determining whether to quantitate
on the primary analysis or the confirmation analysis. When this cri-
terjon cannot be met, quantitation is adversely affected because of the
difficulty in determining where to establish the baseline.

6.1 Inject 2 to 5 ul of the sample or standard extract using the
solvent-flush technique or autosampler. Smaller (1.0 ulL) volumes
can be injected only if automatic devices are employed. Record the
volume injected to the nearest 0.05 ul and the total extract vol-
ume. Note: Dibutylchlorendate recovery may be calculated from a
capillary or packed column GC/EC meeting all quality control {QC)
requirements for quantitation. However, matrix spike duplicates
must be quantitated on a packed column.

6.1.1 Inject Individual Standard Mixtures A and B and all multi-
response pesticides/PCBs at the beginning of each 72-h
sequence (see Section 6.1.3.5). To establish the retention
time (RT) window within each 72-h sequence for the
pesticide/PCB of interest, use the absolute RT from the
above chromatograms as the mid-point, and +3 times the
standard deviation calculated in Section 9.4 for each
compound. Individual Standard Mixtures A and B are analyzed
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6.1.2

alternately and intermiffently throughout the analysis as
shown in Section 6.1.3.5. Any pesticide outside of its
established retention time window requires immediate
investigation and correction before continuing the
analysis. The laboratory must re-analyze all affected
samples.

Sample analysig of extracts can begin when linearity and
degradation quality assurance/quality control (QA/QC)
requirements specified in Section 9.0 have been met.

Note: The 10.0 percent relative standard deviation (RSD)
linearity criterion is only required on the column(s) being
used for pesticide/PCBs quantitation. If a column is used
for surrogate quantitation only, the 10.0 percent RSD is
required only for dibutyichiorendate.

Analyze samples in groups of no more than five samples.
After the analysis of the first group of up to five samples,
analyze Evaluation Mixture B. Analyze another group of up
to five samples, followed by the analysis of Individual Mix
A or B. Subsequent groups of up to b samples may be ana-
lyzed by repeating this sequence, alternately analyzing
Evaluation Mixture B and Individual Mixture A or B between
the groups as shown in Section 6.1.3.5. The pesticide/PCB
analytical sequence must end with Individual Mixture A and B
regardless of the number of samples analyzed (see Section
6.1.3.5).

If a multiresponse pesticide/PCB is detected in either of
the preceding groups of five samples, the appropriate multi-
response pesticide/PCB may be substituted for Individual
Mixtures A or B. A1l standards listed in Section 6.1.3.5
must be included for every case and must be analyzed within
the same 72-h period as the samples, with the exception of
Aroclors 1221 and 1232 which are analyzed at a minimum of
once per month (see footnotes in Section 6.1.3.5). If the

D-216




2212:.@707 25

6.1.3

samples are split between two or more instruments, the
complete set of standards must be analyzed on each
instrument with the same 72-h requirement. A}l standards
must be analyzed prior to the samples to aveid the effects
of poor chromatography caused by the unsuspecied_injection
of a highly concentrated sample.

Sections 6.1.3.1 to 6.1.3.%5 contain GC performance cri-
teria. If it is determined during the course of a 72-h
sequence that one or more of the criteria have been vio-
lated, stop the run and take corrective action (see Sec-
tion 9.0). After the corrective action has been taken, the
72-h sequence may be restarted as follows. If a standard
violated the criterion, restart the sequence with that
standard, determine that the criteria have been met, and
continue with sample analyses, according to Section
6.1.3.6. If a sample violated the criterion, restart the
sequence with the standard that would have followed that
group of samples (thereby preserving the sequence of stand-

ards in Section 6.1.3.5), determine that the criteria have
been met, and continue with sample analyses, according to

6.1.3.5.

If it is determined after the completion of a 72-h sequence
that one or more of the criteria have been violated, proceed
as follows. If a standard violated the criterion, all
samples analyzed after that standard must be re-analyzed as
part of a new 72-h sequence. If a subsequent standard in
the original sequence met all the criteria, then only those
samples analyzed between the standard that did not meet the
criterion and the standard that did meet the criterion must
be re-analyzed as part of a new 72-h sequence. If only
samples violated the criteria, then those samples must be
re-analyzed as part of a new 72-h sequence.
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6.1.3.1

6.1.3.2.

6.1 2.3

6.1.3.4

6.1.3.5

*These may be combined into one mixture for capillary column analyses. .

Differences in the calibration factors for each
standard in Individual Standard Mixtures A and B
must not exceed 20.0 percent (15.0 percent for any
standard compound used for quantitation) during the

72-h primary analysis. Calculate the percent dif-
ference using the initial Individual Standard Mix

versus all subsequent Individual Standard Mixtures
analyzed during the 72-h sequence. (The equations
for calculation of calibration factor and percent

difference are in Sectijon 5.0.)

The retention time shift of dibutylchlorendate in
any standard or sample must be Tess than 2.0 per-
cent for packed columns (<0.3 percent for capillary
columns}.

Samples must also be repeated if the degradation of
DDT and/or endrin exceeds 20.0 percent respective

on the intermitient analysis of Evaluation Standar’
Mixture B.

All pesticide standards must fall within the estab-
lished 72-h retention time windows.

Highly colored extracts may require a dilution.
The 72-h sequence must be as follows.

Evaluation Standard Mixture A
Evaiuation Standard Mixture B
Evaluation Standard Mixture C
Individual Standard Mixture A*
Individual Standard Mixture B*
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10.
11.
12.
13.
14.
15.
16.
17.
18.
19.
20.

21.
22.

23.

Toxaphene

Aroclors 1016/1260

Aroclor 1221%*

Aroclor 1232%%*

Aroclor 1242

Aroclor 1248

Aroclor 1254

5 samples

Evaluation Standard Mixture B

5 samples

Individual Standard Mixtures A or B

5 samples

Evaluation Standard Mixture B

5 samples

Individual Standard Mixture A or B (whichever
not run in step 16)

B samples

Repeat the above sequence starting with
Evaluation Standard Mixiure B

Pesticide/PCB analysis sequence must end with
Individual Standard Mixtures A and B regardless

of number of samples analyzed.

6.1.4 Suggested groups of compounds and concentrations for Indi-
vidual Standard Mixtures A and B follow, which are recom-

mended to prevent overlap of compounds on the two packed

columns (3 percent 0V-1 and 1.5 percent QV-17/1.95 percent

0V-210). Some of the compounds overlap on the 5 percent
0V-210 column (see Table 1). The concentration is based on
a 5-ul injection.

*%Aroclors 1221 and 1232 must be analyzed on each instrument and each column
at a minimum of once per month. Copies of these chromatograms must be sub-

mitted for sample analyses performed during the applicable month.
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Individual Standard Individual Standard .

Mixture A Mixtyre B
Concentration Concentration

Compound {ng/ful) Gompound (ngful)
gamma-BHC 0.005 alpha-BHC ' 0.005
heptachlor 0.010 beta-BHC 0.010
aldrin* 0.010 deita-BHC 0.010
heptachlor epoxide 0.010 aldrin* 0.010
endosulfan I 0.010 4,4'-DDE 0.010
dieldrin 0.010 endr in 0.010 )
4,4'-DDT 0.020 4,4'-DDD 0.020
endrin aldehyde 0.025 endosulfan sulfate 0.020
endosulfan II 0.020 endrin ketone 0.020
methoxychlor G.100 alpha chlordane 0.010 :
dibutylchiorendate 0.050 gamma chlordane 0.010

dibutylchlorendate 0.050

*For RRT determination. .

6.1.5 Inject the method blank (extracted with each set of samples)
on every instrument and GC column on which the samples are
analyzed.

6.2 Evaluation of Chromatograms

6.2.1 Consider the sample negative when its peaks, depending on
the pesticide’s response fTactor, result in concentrations
Tfess than the required quantitation level. The sample is
complete at this point. Confirmation is not required.

6.2.2 Tentative identification is made when the unknown's reten-
tion time matches the retention time of a corresponding
standard that was chromatographed on the same instrument
within a 72-h period.
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coeluting compounds. Data system library
reduction programs can sometimes create these
discrepancies.

7.4.2.3 If in the technical judgment of the mass spectral
interpretation specialist, no valid tentative
jdentification can be made, the compound should be
reported as unknown. The mass spectral specialist
should give additional classification of the
unknown compound, if possible (i.e. unknown aro-
matic, unknown hydrocarbon, unknewn acid type,
unknown chlorinated compound). If probable molec-
ular weights can be distinguished, include them.

8.0 CALCULATIONS

8.1

8.2

Method analytes identified shall be quantified by the internal
standard method. The internal standard used shall be that which is

Tisted in Table 5. The EICP area of the characteristic ions of
analytes listed in Tables 2 and 3 are used.

Internal standard responses and retention times in all standards
must be evaluated during or immediately after data acquisition. If
the retention time for any internal standard changes by more than
30 s from the Tatest daily (12 h) calibration standard, the
chromatographic system must be inspected for malfunciions, and cor-
rections made as required. The internal standard EICPs must be
monitored and evaluated for each sample, blank, matrix spike, and
matrix spike duplicate. If the EICP area for any internal standard
changes by more than a factor of twe (-50 to +100 percent), the
mass spectrometric system must be inspected for malfunction and
corrections made as appropriate. When corrections are made, re-
analysis of samples analyzed while the system was malfunctioning is
necessary.
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Table 2. Characteristic Ions for Surrogate and Internal Standards .

Compound

Primary Ion

Secondary Ion(s)

4-Bromof lucrobenzene
1,2-Dichloroethane-d

Toluene-dB 4

Bromochioromethane
1,4-Difluorobenzene
Ch1orobenzane-d5

95
65
98

128
114
117

174, 176
102
70, 100

49, 130, 51
63, 88
82, 119

Table 3. Characteristic Ions for Volatile Compounds

Parameter Primary Iond Secondary Ion(s)
Chloromethane 50 B2
Bromomethane 94 96

Yinyl chloride 62 64
Chloreethane 64 66

Methylene chloride 84 43, 51, 86
Acetone 43 58

Carbon disulfide 76 78
1,1-Dichlorovethene 986 61, 98
I,1-Dichloroethans 63 65, 83, 85, 98, 100
1,2-Dichloroethene g6 61, 98
Chiorocform 83 85
1,2-Dichloroethane 62 64, 100, 98
2-Butanone 72 57
1,1,1-Trichloroethane a7 99, 117, 119
Carbon tetrachloride 117 119, 121

Yinyl acetate 43 86
Bromodichloromethane 83 85
1,1,2,2-Tetrachloroethane 83 85, 131, 133, 166
1,2-Dichioropropane 63 65, 114
trans-1,3-Dichloropropene 78 77
Trichloroethene 130 85, 97, 132
Dibromochloromethane 129 208, 206
1,1,2-Trichloroethane a7 83, 85, 99, 132, 134
Benzene 78 -
cis-1,3-Dichloropropene 75 77

Bromoform 173 171, 17%, 250, 252, 254, 256
2-Hexanone 43 58, b7, 100
4-Methyl-2-pentanone 43 58, 100
Tetrachloroethene 164 129, 131, 166
Toluene 92 91
Chlorobenzene 112 114

Ethyl benzene 106 91

Styrene 104 78, 103

Total xylenes 106 91 .

a. The primary fon should be used uniess interferences are present, in
which case, a secondary ion may be used.
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8.3

8.2.1 If after re-analysis the EICP areas for all internal stand-
ards are inside the contract 1imits (-50 to +100 percent),
the problem with the first analysis is considered to have
been within the control of the laboratory. Therefore, only
submit data from the analysis with EICPs within the contract
limits. This is considered the initial analysis and must be
reported as such on all data deliverables.

8.2.2 If the re-analysis of the sample does not solve the problem
(i.e., the EICP areas are outside the contract limits for
both analyses), submit the EICP data and sample data from
both analyses. Distinguish between the initial analysis and
the re-analysis on all data deliverables. Document in the
Case Narrative all inspection and corrective actions taken.

The relative response factor (RRF) from the dajly standard analysis
is used to calculate the concentration in the sample. Use the rel-
ative response factor as determined in Section 6.3.3 and the equa-
tions below. When method analytes are below contract required

detection limits (CRDL) but the spectra meet the identification
criteria, report the concentration with a *J". For example, if

CRDL is 10 ug/L and concentration of 3 ug/L is calculated, report
as "“3J".

Water

(AT
(A; ) (RRF) (V)

Concentration (ug/L) =

where:

Ay = Area of the characteristic ion for the compound to be
measured
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Ajs = Area of the characteristic ion for the internal standard .
Ig = Amount of internal standard added (ng)
Vo = Volume of water purged, accounting for dilutions (mL).
Sediment/Soil (Medium | 1)
_ (A (I (V)
Concentration (ug/kg) =
(A; ) (RRF) (V. ) (W ) (D)
Sediment/Soil (I | 1)
(A(I)
Concentration (ug/kg) =
(dry weight basis) (Ais)(RRF)(Ws)(D)
where: .
Ay, Is, Ajs = Same as for water, above
Vi = Yolume of total extract (uL) (Use 10,000 ul or a
factor of this when dilutions are made.)
Vi = Yolume of extract added for purging (ul)
D = 100 - percent moisture
100
W = Weight of sample extracted or purged (g).

An estimated concentration for non-method analytes tenta't'ive?y
identified shall be quantified by the internal standard methed.
For quantification, the nearest internal standard free of interfer-

ences shall be used. .
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8.4.1

8.4.3

The formula for calculating concentrations is the same as in
Section 8.3. Total area counts (or peak heights) from the
total ion chromatograms are to be used for both the compound
to be measured and the internal standard. A relative re-
sponse factor (RRF) of one (1) is to be assumed.. The value
from this quantitation shall be qualified as estimated.

This estimated concentration should be calculated for all
tentatively identified compounds as well as those identified
as unknowns.

Xylenes (o, m, and p isomers) are to be reported as xylenes
{total). Since o- and p-xylene overlap, the xylenes must be
quantitated as m-xylene. The concentration of all xylene
isomers must be added together to give the total.

1,2-Dichloroethene (trans and cis stereoisomers) are to be
reported as 1,2-dichloroethene (total}. The concentrations
of both isomers must be added together to give the total.

Calculate surrogate standard recovery on all samples, blanks and
spikes. Determine if recovery is within limits and report on
appropriate form.

8.5.1

Calculation for surrogate recovery.

Percent surrogate recovery = 4 x 100%

Q

a

where:
Q4 = Quantity determined by analysis

Qa = Quantity added to sample.
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8.5.2

8.5.3

8.5.4

8.5.5

If recovery is not within limits, the following is requi'

1. Check to be sure there are no errors in calculations,
surrogate solutions and internal standards. Also, check
instrument performance. A

2. Re-analyze the sample if none of the above reveal a
problem.

If the re-analysis of the sample solves the problem, the
problem was within the laboratory's control. Therefore,
only submit data from the analysis with surrogate spike
recoveries within the contract limits. This shall be con-
sidered the initial analysis and shall be reported as such
on all data deliverables.

If the re-analysis of the sample does not solve the problem
(i.e., surrogate recoveries are outside the contract 1imi

for both analyses), submit the surrogate spike recovery d’
and the sample data from both analyses. Distinguish between

the initial analysis and the re-analysis on all data
deliverables.

If the sample with surrogate recoveries outside the limits
is the sample used for the matrix spike and matrix spike
duplicate, and the surrogate recoveries of the matrix spike
and matrix spike duplicate show the same pattern (i.e., out-
side the limits), the sample, matrix spike, and matrix spike
duplicate do not require re-analysis. Document in the
narrative the similarity in surrogate recoveries.
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9.0

9.1

Tuning and GC/MS Mass Calibration

It is necessary to establish that a given GC/MS meets the standard
mass spectral abundance criteria prior to initiating any on-~going
data collection. This is accomplished through the analysis of
p-bromofluorobenzene (BFB).

Definition: The 12-h time period for GC/MS system tuning and
standards catibration (initial or continuing calibration criteria)
begins at the moment of injection of the BFB analysis that the
laboratory submits as documentation of a compliant tune. The time
period ends after 12 h has elapsed according to the system clock.

9.1.1 Each GC/MS system used for the analysis of volatiles must be
hardware tuned to meet the abundance criteria listed in
Table 4 for a maximum of a 50-ng injection of BFB. Alter-
nately, add 50 ng of BFB solution to 5.0 mL of reagent water
and analyze according to Section 7.0. BFB shall not be
analyzed simultaneously with any calibration standards or
blanks. This criterion must be demonstrated daily or for
each 12-h time period. whichever is more frequent. If
required, background subtraction must be straightforward and
designed only to eliminate column bleed or instrument back-
ground jons. Background subtraction actions resulting in
spectral distortions for the sole purpose of meeting the
contract specifications are unacceptable.

Note: All instrument conditions must be jdentical to those
used in sample analysis, except that a different temperature
program may be used.

9.1.2 BFB criteria must be met before any standards, samples, or

blanks are analyzed. Any samples analyzed when tuning cri-
teria have not been met may require re-analysis.
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Table 4. BFB Key Ions and Abundance Criteria .

Mass Ion Abundance Criteria
50 15.0 - 40.0 percent of the base peak
75 30.0 - 60.0 percent of the base peak
95 base peak, 100 percent relative abundance
96 5.0 - 9.0 percent of the base peak
173 less than 2.0 percent of mass 174
174 greater than 50.0 percent of the base peak
175 5.0 - 9.0 percent of mass 174
176 greater than 95.0 percent but less than
101.0 percent of mass 174
177 5.0 - 9.0 percent of mass 176

8.1.3 Whenever the analyst takes corrective action which may
change or affect the tuning criteria for BFB (e.g., ion
source cleaning or repair, etc.), the tune must be verified
irrespective of the 12-h tuning requirements.

9.1.4 Calibration should be documented in the form of a bar grap
spectrum and as a mass listing.

Form V (GC/MS Tuning and Mass Calibration, Figure 7) should
be completed each time an analytical system is tuned. 1In
addition, all standards, samples, blanks, matrix spikes, and
matrix spike duplicates analyzed during a particular tune
must be summarized in chronological order on the bottom of
the appropriate Form V. Detailed instructions for the
completion of Form V can be found in the Contract Laboratory
Program (CLP) Statement of Work for Organics Analysis.

9.2 Initial Calibration of the GC/MS System

Prior to the analysis of samples and required blanks and after
tuning criteria have been met, the GC/MS system must be initially
calibrated at a minimum of five concentrations to determine the
linearity of response using method analyte standards. Once the
system has been calibrated, the calibration must be verified each
12-h time period for each GC/MS system.
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g§.2.2

9.2.3

Prepare calibration standards as described in Section 5.0
containing the method parameters at 20, 50, 100, 150 and 200
ug/L. Surrogate and internal standards shall be used with
each of the calibration standards. This will result in 100
to 1000 total ng analyzed. If an analyte saturates at the
200 ug/L concentration level, and the GC/MS system is
calibrated to achieve a detection sensitivity of no less
than 5 ug/L, the analyst should calculate the resuifs based
on a four-point initial calibration for the specific analyte
that saturates. The use of separate calibration methods
which reflect the two different low and medium soil/sediment
methods is required. Secondary ion quantitafion is only
allowed when there are sample interferences with the primary
jon. If secondary ion quantitation is used, document the
reasons in the Case Narrative. Analyze all method blanks
and standards under the same conditions as the samples.

The U.S. EPA plans to develop performance-based criteria for
response factor data acquired during this program. To
accomplish this goal, the U.S5. EPA has specified both the
concentration levels for initial calibration and the spe-
cific internal standard to be used on a compound-by-compound
basis for quantitation (see Table 5). Establishment of
standard calibration procedures is necessary and deviations
will not be allowed.

Analyze each calibration standard and tabulate the area of
the primary characteristic ion against concentration for
each compound including all contract required surrogate com-
pounds. The relative retention times of each compound in
each calibration run should agree within 0.06 relative
retention time units. Late eluting compounds usually will
have much better agreement.
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Table 5. Volatile Internal Standards with Corresponding Method
Analytes Assigned for Quantification

Bromochleoromethane 1,4-Difluorchenzene Chlorobenzene-dg
Chloromethane 2-Butanone 2-Hexanone
Bromomethane 1,1,1-Trichloroethane 4-Methyl-2-Pentanone
Vinyl Chloride Carbon Tetrachloride Tetrachlorocethene
Chloroethane Yinyl Acetate 1,1,2,2-Tetrachloroethane
Mathylene Chloride Bromodichloromethane Toluene
Acetone 1,2-Dichloropropane Chlorobenzene
Carbon Disulfide trans-1,3-Dichloropropene Ethylbenzene
1,1-Dichloroethene Trichloroethene Styrene .
1,1-Dichloroethane Dibromochloromethane Xylene(total)
1,2-Dichloroethene(total) 1,1,2-Trichlioroethane Bromof luorobenzene?
Chioroform Benzene Toluene-dg?

1,2-Dichloroethane
1,2-Dichloroethane-ds?

cis~1,3-DichToropropene
Bromoform

N7

2. Surrogate compound.

Using Table 5 and the following equation, calculate the

relative response factors (RRF) for each compound at each

concentration level.

C,
RRF = —X x 12
Ais Cx
where
Ay = Area of the characteristic ion for the compound
to be measured
Ajs = Area of the characteristic ion for the specific

internal standards from Table B or &

Cjs = Concentration of the internal standard (ng/ul}

Cx = Concentration of the compound to be measured .
{ng/uL).
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9.2.4

Using the relative response factors (RRF) from the initial
calibration, calculate the percent relative standard devia-
tions (%RSD) for compounds iabeled on Form VI (Volatile
Organics Initial Calibration Data, Figure 8) as calibration
check compounds (CCC) and shown in Table 6 using the
following equation.

SD

$RSD = =— x 100
X
where:
S0 = Standard deviation of initial relative response
factors (per compound)
X = Mean of initial relative response factors (per

compound).

SD can be calculated from the following equation.

o 4z P
=l g
where:
N = Number of relative response factors
Xj = Initial relative response factor.

The %4RSD for each CCC must be less than or equal to 30.0
percent. This c¢criterion must be met for the initial
calibration to be valid.

A system performance check must be performed to ensure that
minimum average relative response factors are met before the
calibration curve is used.
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9.2.4.1 The five system performance check compounds (SPCC
are chloromethane, 1,l-dichloroethane, bromoform,

1,1,2,2-tetrachloroethane and chlorobenzene. The
minimum acceptable average relative response factor
(RRF) for these compounds is 0.250 for bromoform
and 0.300 for the other four SPCC. These compounds
typically have RRFs of 0.4 to 0.6 and are used to
check compound instability and check for degrada-
tion caused by contaminated lines or active sites
in the system. For instance,

1. Chloromethane - This compound is the most
1ikely compound to be lost if the purge flow is
too fast.

2. Bromoform - This compound is one of the
compounds most likely to be purged very poorly
if the purge flow is too slow. Cold spots .
and/or active sites in the transfer lines may
adversely affect response. Response of the
quantitation jon (m/z 173) is directly affected
by the tuning of BFB at ions m/z 174/176.
Increasing the m/z 174/176 ratioc may improve
bromoform response.

3. Tetrachloroethane, 1,1-Dichloroethane - These
compounds can be deteriorated by contaminated
transfer Tines in purge and trap systems and/or
active sites in trapping materials.

9.2.4.2 The initial calibration is valid only after both
the %RSD for CCC and the minimum RRF for SPCC have
been met. Only after both these criteria are met
can sample analysis begin.

9.2.56 Once the initial calibration is validated, calculate and I
report the average relative response factor (RRF) and
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percent relative standard deviation (%RSD) for ail method
analytes. Complete Form V and Form VI (Figures 7 and 8)

for each instrument used to analyze samples under this
protocol., Detailed instructions for completion of these
forms can be found in the CLP Statement of Work for Organics
Analysis.

9.3 Continuing Calibration of GC/MS System

A calibration standard(s) containing all method analytes including
all required surrogates, must be performed each 12-h time period
during analysis. Compare the relative response facter data from
the standards each 12 h with the average relative response faclor
from the initial calibration for a specific instrument. A system
performance check must 5e made each 12 h. If the SPCC criteria are
met, a comparison of relative response factors is made for all
compounds. This is the same check that is applied during the
initial calibration (Form VI, Figure 8). If the minimum relative
response factors are not met, the system must be evaluated and
corrective action must be taken before sample analysis begins.

9.3.1 Some possible problems are standard mixture degradation,
injection port inlet contamination, contamination at the
front end of the analytical column, and active sites in the
column or chromatography system. This check must be met
before analysis begins. The minimum RRF for the SPCCs is
0.300 (0.260 for bromoform).

§.3.2 After the system performance check is met, CCCs listed in
Table 6 are used to check the validity of the initial cali-
bration. Calculate the percent difference using the follow-
ing equation.

RRFI - RRFC
Percent difference = ———— ~ x 100
RRFI
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where: .

RRF; = Average relative response factor from initial
calibration

RRFs = Relative response factor from current calibra-
tion check standard.

If the percent difference for any compound is greater than

20 percent, the laboratory should consider this a warning

1imit. If the percent difference for each CCC is less than

or equal to 25.0 percent, the initial calibration is assumed

to be valid. If the criteria are not met (>25.0 percent
difference), for any one calibration check compound, cor-
rective action must be taken. Problems similar to those

listed under SPCC could affect this criteria. If no source

of the problem can be determined after corrective action has
been taken, a new initial five-point calibration must be .

generated. These criteria must be met before sample analy-
sis begins.

Table 6. Volatile Calibration Check Compounds

1,1-Dichloroethene
Chloroform
1,2-Dichloropropane
Toluene
Ethylbenzene

Yinyl Chloride

9.3.3 The U.S. EPA plans to evaluate the long term stability of

relative response factors during this program. Standardiza-
tion among contract laboratories is necessary to reach these
long term goails. Along with contract-specified concentra-

tions for initial calibration, the U.S. EPA is requiring
specific concentrations for each continuing calibration .
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9.3.4

standard(s). The concentration for each method parameter in
the continuing calibration standard(s) is 50 ug/L.

Complete and submit Form VII (Volatile Continuing
Calibration Data, Figure 6) for each GC/MS system used for
each 12-h time period. Calculate and report the relative
response factor and percent difference for all compounds.
Ensure that the minimum RRF is 0.300 for volatile SPCCs and
0.250 for bromoform. The percent difference for each CCC
must be less than or equal to 25.0 percent. Additional
instructions for completing Form VII can be found in the
CLP Statement of Work for Organics Analysis.

9.4 Method Blank Analysis

A method blank is a volume of deionized, distilled laboratory water
for water samples, or a purified solid matrix for soil/sediment
samples, carried through the entire analytical scheme. The method
blank volume or weight must be approximately equal to the sample
volumes or sample weights being processed.

9.4.1

For the analysis of volatile method analytes, a method blank
analysis must be performed once for each 12-h time period
during the analysis of samples from:

1. Each Case, or

2. Each 14-calendar-day period during which samples in a
case are received (said period beginning with the
receipt of the first sample in that Sample Delivery

Group), or

3. Each 20 samples in a Case that are of similar matrix
(water or soil) or similar concentration (soil only),

whichever is most frequent, on each GC/MS system used to
analyze samples.
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9.4.2

9.4.3

9.4.4

It is the analyst's responsibility to ensure that method ‘
interferences caused by contaminants in solvents, reagents,
glassware, and other sample processing hardware that lead to
discrete artifacts and/or elevated baselines in gas chroma-
tograms be minimized.

For the purposes of this protocol, an acceptable laberatory
method blank should meet the criteria of Sections 9.4.3.1
and 9.4.3.2.

9.4.3.1 A method blank for volatile analysis must contain
no greater than five times the CRDL of methylene
chloride, acetone, toluene, and 2-butanone.

9.4.3.2 For all other method analyteé not listed above, the
method blank must contain less than the CRDL of any
single analyte.

9.4.3.3 If a laboratory method blank exceeds these cri- .
teria, the analyst must consider the analytical
system to be out of controi. The source of the
contamination must be investigated and appropriate
corrective measures must be taken and documented
before further sample analysis proceeds. All
samples processed with a method blank that is
out of control (i.e., contaminated) must be
re-extracted/repurged and re-analyzed.

Report results of method blank analysis using Form I and

Form I, TIC (see Figures 9 and 10). 1In addition, the

samples associated with each method blank must be summarized

on Form IV (VYolatile Method Blank Summary, Figure 11).

Detailed instructions for the completion of these forms

can be found in the CLP Statement of Work for Organics

Analysis. Sample concentration data shall be reported for .
bianks.
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. 9.5 Surrogate Spike Analysis
. Surrogate standard determinations are performed on ail samples and
blanks. A1l samples and blanks are fortified with surrogate spik-
; ing compounds before purging or extraction to monitor _preparation
R and analysis of samples.

9.5.1 Each sample, matrix spike, matrix spike duplicate, and blank
are spiked with surrogate compounds prior to purging or

; extraction. The surrogate spiking compounds shown in
. 5.; Table 7 are used to fortify each sample, matrix spike,
: matrix spike duplicate, and blank with the proper concen-
trations. Performance based criteria are generated from
laboratory results. Therefore, deviations from the spiking
protocol will not be permitted.

5

o

Table 7. Surrogate Spiking Compounds

Amount in Sample Extract?@

Compounds Fraction Water Low/Medium Soil
Toluene-~dg VOA 50 ug 50 ug
4-Bromof luorobenzene VOA 50 ug 50 ug
1,2-Dichloroethane-dg VCA 50 ug 50 ug

a. At the time of injection, before any opticnal dilutions.

2124@ 074

9.5.2 Surrogate spike recovery must be evaluated by determining
whether the concentration (measured as percent recovery)
falls inside the contract required recovery limits listed
in Table 8.

9.5.3 Method Blank Surrogate Spike Recovery
The laboratory must take the actions listed below if
recovery of any one surrogate compound in the volatiles

S fraction of the method blank is outside of the required
. _ surrogate spike recovery limits.
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Table 8. Contract Required Recovery Limits for Surrogate Spikes .

Surrogate Compound Water Low/Medium Soil
Toluene-dg 88-110 81-117
4-Bromof luorobenzene 86-115 . T14-121
1,2-Dichloroethane-dy 76-114 70-121

9.5.3.1

9.5.3.2

9.5.3.3

9.5.3.4

Check calculations to ensure that there are no
errors; check internal standard and surrogate spik-
ing solutions for degradation, contamination, etc;
also check instrument performance.

Re-analyze the blank or extract if steps in Section
9.5.3.1 fail to reveal the cause of the noncompli-
ant surrogate recoveries.

If the blank is a methanol extract for medium 1eveb
soil samples, re-extract and re-analyze the blank

if steps in Section 9.5.3.2 fail te reveal the
cause of the noncompliant surrogate recoveries.

If the measures tisted in Sections 9.5.3.1 to
9.5.3.3 fail to correct the problem, the analytical
system must be considered out of control. The
problem must be corrected before continuing. This
may mean recalibrating the instrumentation but it
may also mean more extensive action. The specific
corrective action is Teft up to the GC/MS opera-
tor. When surrogate recovery(ies) in the blank is
outside of the contract required windows, all
sampies associated with that blank must be
re-analyzed.
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9.5.4 Sample Surrogate Spike Recovery

The laboratory must take the actions listed below if
recovery of any one surrogate compound in the volatiles
fraction of the sample is outside of the contract surrogate

spike recovery limits.

9.5.4.1 The laboratory shall document (in this instance,

document means to write down and discuss problem

and corrective action taken) deviations outside of

acceptable quality control Timits by taking the

following

9.5.4.1.1

9.5.4.1.2

3.5.4.1.3

actions:

Check calculations to ensure that there
are no errors; check internal standard
and surrogate spiking solutions for
degradation, contamination, etc; also
check instrument performance.

If the steps in Section 9.5.4.1.1 fail
to reveal a preblem, then reanalyze the
sample or extract. If re-analysis of
the sample or extract solves the
problem, the problem was within the
laboratory's control. Therefore, only
submit data from the analysis with
surrogate spike recoveries within the
contract windows. This shall be
reported as such on all data
deliverables.

If the sample was soil extracted with
methanol and the steps in Section
9.5.4.1.2 fail to solve the probiem,
then re-extract and re-analyze the
sample. If the re-extraction and re-
analysis solves the problem, the
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used for matrix spike and matrix spike duplicate analyses. These
compounds in the matrix spiking solution are subject to change de-
pending upon availability.and "suitability for use as matrix spikes.
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9.6.4

9.6.5

where:

SSR = Spike sample results
SR = Sample result
SA = Spike added from spiking mix.

Calculate the relative percent difference (RPD) between the
matrix spike and matrix spike duplicate using the following
equation.

D, - D
RPD = Py - B x 100
(D, +D,p)/2
where:
Dy = First sample value .
Dz = Second sample value (duplicate).

The matrix spike results (concentrations) for nonspiked
method analytes shall be reported on Form I {Organic Anal-
ysis Data Sheet, Figure 9) and the matrix spike percent
recoveries shall be summarized on Form III (MS/MSD
Recovery, Figures 14 and 15). These values will be used
by EPA to periodically update existing performance-based
QC recovery limits (Table 9).

The results for nonspiked method analytes in the matrix

spike duplicate analysis shall be reported on Form I (Or-
ganic Analysis Data Sheet, Figure 9) and the percent

recovery and the relative percent difference shall be
summarized on Form III (MS/MSD Recovery, Figures 14 and

18). The RPD data will be used by EPA to evaluate the
long-term precision of the analytical method. Detailed .
instructions for the completion of Form III can be found

in the CLP Statement of Work for Organics Analysis.
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9.7

Table 9. Matrix Spike Recovery Limits

Matrix Spike Compound Water Soil/Sediment
1,1-Dichloroethene 61-145 b9-172
Trichlorethene 71-120 62-137
Chlorobenzene 75-130 60-133
Toluene 76-125 59-139
Benzene 76-127 66-142

QC Activities Involved with Sample Analysis

The intent of Section 9.7 is to provide the analyst with a brief
summary of ongoing QC activities involved with sample analysis.
Specific references are provided to help the analyst meet specific

reporting and deliverables requirements.

8.7.1

9.7.2

Sampies can be analyzed upon successful completion of the
initial QC activities. When 12 h have elapsed since the
initial tune was complieted, it is necessary to conduct an
instrument tune and calibration check analysis (Section
9.2). Any major system maintenance, such as a source
cleaning or installation of a new coiumn, may necessitate a

retune and recalibration irrespective of the 12-h require-
ment. Minor maintenance should necessitate only continuing
calibration verification (Section 9.3).

Internal Standards Evaluation - Internal standard responses
and retention times in all samples must be evaluated immedi-
ately after or during data acquisition. If the retention
time for any internal standard changes by more than 30 s,
the chromatographic system must be inspected for mal-
functions, and corrections made as required. The extracted
fon current profile (EICP) of the internal standards must be
monitored and evaluated for each sample, blank, matrix
spike, and matrix spike duplicate. If the EICP area for any
internal standard changes by more than a factor of two (-50
to +100 percent), from the latest daily (12-h time period)
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A5 FoubRon A ¢RiRsaLe cafnmnn, zow Gt i
o i analys1s “and must be reported as such on all data
poffeal; areyions Aos trsnrian brg gaul Tasswarans

A eiiverabies.
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‘ t1ngu1sh between the 1n1t1a1 analysis and the re-
p2nagayy ovrshasrs Tagaia rrauisyd #nnannadl {saenl X
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requires that the system should not be saturated for high
response compounds at 200 ug/L for method analyles.

9.7.3+1-~Ff-any compound in any sample exceeds the initial
fmemes i3 ibration range, that sample must be -diluted,
theu?nterna1 standard concentration re-adjusted,
;mwwmmandﬂthe‘sample re-injected, as described in

3 Section 7. 0. Secondary .ian. quantitation is only

J

¢ 1ﬂowed whew therefare sampie matrix interferences

- ”*w“mﬂvﬂ

1 i :with the: pr1marya1on;wan secondary ion gquantita-
A g Jree partrwusioh
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Purge Inlet Fitting

N\

Sample Outlet Fitting

40mi Vial\"‘ L

Figure 1. Low Soils Impinger
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Optional - Exit 1/4inch

Foam 0.0.
Trap «ldmm
0.D.

= Iniet 14 inch

0.D.

Sample iniet
:{— 2-Way Syringe Vaive

e 17¢m 20 Gauge Syringe Needle

1/4 inch *—— gmm O.D. Rubber Septum
0.D. Bt 10mm 0.D.
T / 1/18inch 0.D. Stainless Steel
~iniat
c: glliamch
Py 0.
E 13X Molecular
i Sieve Purge
E Gas Filter
S
L od
'L‘" Purge Gas
flow Control
10mm Glass Frit
Medium Porosity
Figure 2. Purging Device
Packing Procedure Construction

Campression Fitting
Glass Wool Smm

; (CD—" Nutand ferrules
/ .
/ 14%t 7V foot Resistance
Grade 15 Sliica Gel 8em g’ Wire Wrapped Solid
<
4 'T Thermocouple/Controiler
x Sensor
aH
Tenax 15¢m | 1 Electronic
b Temperature
.*.i; Control
::. and
: Pytrometer
j;j Tubing 25¢m
il 0.105 inch 1.D.
Smm 0.125 inch Q.D.
Glass Woal Trap Infet Stainless Steel

Figure 3. Trap Packings and Construction To Include Desorb Capability
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Lab Name:

~:'VOLATILE; CONTINUING, CALIBRATION, DATA..

-::Li"-j". Hlé i i 11}‘1‘:‘&’. g t"‘

(298 3

S Lab Code:
s Instrument .IDY
o Lab FiTe ID:

AL B Lt 8 b s LT A M

. “M{in fmiim” RRFS0°

Case No..t 0= SAS

B au’

M
g
saf

is -

ey

for’ sPcc{#)’ e

300’

. (0.250 for Bromoform)

ract
No.:

. Ignf.w Catibr-Date(s}:

; HQ-H'

Sik i

S
T e

———————

S06 No.: _
e “Ca'f‘lbrattcn Datef?):,: e Fimes U

Maximum-%-B-for CCE(#Y7§5" 551164

'?-ef YT iy

gy

A T VTR LR i 7Tt )
'

,i

S ; ' '
FRT : T = s SR T W AT
! COMPOUND—- Ae s *—‘ﬁa’f
: o i S N dnonl arid
e j Ghloromethane: mm ==/ 1o UG 7T
e j o B omome thane s e ST MESE
EEEs { oo (VA Y} -ChIOF $88m e g e KL i
. . 3 Ty w20t b 3 e
. T i Chloroethane..: AL3G BRE . S
L R Methy!ene-- Chlonda TR R 2Lk
P’N ' ' y }onimnnnesnn) Acetone—A too e, d :z"'".'j FEE BT FIANRE N
e T ! 114:1.1-1.Y, W EICTYR X - PSP M EEETR |
! tlyk-Dighloroethene. woeeiun e F o

L
%
e
]
Hr

44| Ch o formess
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s
P
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3
I

R

R
]

g e 0

¥ £
t

R

¥U1iFichloroethane 2

1,2-Dichloroethene Qtotal)

[l
.
L
——

ﬂ‘\l

L TR pR LS

2- Butanone M ’-if‘--?

1 1,1-Trichloroéthane. iu.1 ..
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VOLATILE ORGANIC GC/MS TUNING AND MASS
CALIBRATION - BROMOFLUOROBENZENE (BFB)

Lab Name: Contract:
Lab Code: Case No.: _____  SAS No.: ________ SDG No.:
Lab File ID: BFB Injection Date:
Instrument ID: BFB Injection Time:
% RELATIVE
m/e JON_ABUNDANCE CRITERTA ABUNDANCE

50 | 15.0 - 40.0% of the base peak
75 | 30.0 - 60.0% of the base peak
95 | Base peak, 100% relative abundance
96 | 5.0 - 9.0% of the base peak
173 Less than 2.0% of mass 174
174 | Greater than 50.0% of the base peak
175 | 6.0 - 9.0% of mass 174
176 | Greater than 95.0%, but less than 101.0% of mass 174
177 5.0 - 9.0% of mass 17¢

Caimn Tame Toam VoY
Mot Nl Nt Nt
I )

l-VYalue is % mass 174

2-VYalue is % mass 176

THIS TUNE APPLIES TO THE FOLLOWING SAMPLES, MS, MSD, BLANKS, AND STANDARDS

EPA
SAMPLE NO,

LAB LAB
SAMPLE 1D FILE ID

DATE OF
ANALYSIS

TIME OF
ANALYSTS

Page ___ of

FORM Y

'10/86 .

Figure 7. Volatile Organic GC/MS Tuning and Mass Calibration — Bromofiuorobenzene
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VOLATILE ORGANICS INITIAL CALIBRATION DATA

Lab Name:

Lab Code:
Instrument ID:

Case No.: ____
Calibration Date(s):

Minimum RRF for SPCC(¥) is 0.300

(0.250 for Bromoform)

Contract:

SAS No.:

SDG No.:

Maximum % RSD for CCC(*) is 30.0%

LAB FILE ID:
RRF100=

RRF20 =
RRF150=

RRF50 =
RRF200=

COMPOUND

RRF50

RRF100

RRE150Q IRRF200

R3D

Chleromethane

RRF20
#

Bromomethane

Vinyl Chloride

x

Chloroethane

Methylene Chloride

Acetone

Carbon Disulfide

1,1-Dichloroethene

1,1-Dichlercethane

Chloroform

1,2-Dichloroethene (total)

1,2-Dichloroethane

2-Butanone

1,1,1-Trichloroethane

Carbon Tetrachloride

Vinyl Acetate

Bromodichloromethane

1,2-Dichloropropane

cis-1,3-Dichloropropene

Trichloroethene

Dibromochloromethane

1,1,2-Trichloroethane

Benzene

Trans-1,3-Dichloropropene

Bromoform

4-Methyl-2-Pentanone

2-Hexanone

Tetrachloroethene

1,1,2,2-Tetrachloroethane

34
1

Toluene

Chlorobenzene

o4 3

Ethylbenzene

Y
"

Styrene

Xylene (total)

Toluene-dg

Bromof luorobenzene

1,2-Dichloroethane-dy

Page ___ of

——

FORM VI

Figure 8. Volatile Organics Initial Calibration Data
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A VOLATILE ORGANICS ANALYS‘I#S_l DATA SHEET EPA SAMPLE N‘
ACAG ROTVeSEianl ATl it JALOA,

cEnansnod _ — '3::1:31?1' W

e lab. Names 202 ..ant.r:aot:*"" BikG : 300 T,

lab.Cade: _ . Case NG s 5 3% SAS NO. ! e comer SDG NOT TT 2T
Matrix: (soil/water) § Lab Sample ID =
&8 {Samp]a Wt—[\lO] Af‘(gfm[_) - Lab Fite ID SH TR ]
Level: (low/med) ____ Date Received R
%-Moisture: not . dec..... . .. oo v Ilate-Ana]yzed e e ervn e s

Pt " s . SRR
VS D b S & qﬂut ion. Factor e o R
RS 2 O o e wELNER WL A

| h

W L,

- —~LONCENTRATION..UNI TSt wonr o commrs s
NCAS; NO. m; COMPOUND e i {ug/L or ug/kg) ‘
.”. .;—.:’" 1 "‘I.‘!r-l-""rbr‘ '-' |" .__,-4"; L L )

1 D T e N L R I L T s

[ [}

P

3 i 1

;...................,L. ...1.4:,‘81.:3:,-.-.'.2-.-"7:-,:"9?:.-5}‘:! ].OEOmet.hane o et se oo s wemen e FTVR N
P 0 B 7.3 - 1 £ B9 ==Bromemethane.. .. ’,_.., TN S
o] 752014 ~Vinyl.Chleoride. . ; ;
e 7820023 ~=Chloromethane. .. ... ..'co...
_— 78-09-2 .——Methylene E‘.hlomde

et 167 =641 -—Acetane C . i aee oo

i i.1.78=15=0 --Cantmn Dasulﬂdex ¥l
15=35-4-= .==1,1-Dichlarcethene_ ... ... .| .73 =
et o 292342 3 =~1,1=Dichlorcethane, . PRI KR !:‘
il . ...5.49.’;_-5,9:.-.0:: =1,2- chhloroethene. (total} R CA R
L..._._"_.,._,,*61.-#5,5;.333 ==Chloroform_ R RS
f;......,._.._,.ﬁL. | 10 7.:‘.0.5 =2m=s

§
i

bomemrnenr i

0

5.

7

FRRTWC s
LA P A IR S 1

==1 ‘2-D1chiorcethane N
==2-Butanone . _ - ! I R Vo
==1,1 L—T:1chloruethane N R
==Carbon_Tetrachlotide. oo ool
=¥inyl.Acetate . l... ...veonoid

5 70

T

3

. e ==Briomadichloromethane. . -
— | ==1,2-D1 ch]nropcopane

=-Ci8=1,3= chhloropropene S T

-—-'Erlch.lor:oethene [P N BT
--Elibromoch}eromethanem—f 5
==1 1,2-Trlchlorethane B
--.Benzene d e ..,.L,.m._..,..., _,L.._‘-"f'?f' T A ih :
~=trans-1,3- D1ch1oropropenem-m T :
B OmMOT O L e e s e BT L LT L T
~~4-Methyl- -2-Pentanone s i b o e G
222~ HeXANONE o o oo e | e AN AR
--Ietrachloroethene»--- I R T I
»=1,1,2,2~ Tetrachloroethane o oo e e |

2
;,,

108883
i 108-90-7-

Lo 1].100-41-4-

--Chlorobenzene e e e . I O
--E.thy1henzene wu. e o MM S

;.__............f._ .100-42-5~ ~»Styrene. . L. }] e ST
et 133-132.-'&« ===mXy lene. (teta e o e o er e e 1
H i ! : ! I} 4 - .

} 4 = [ — - " : ‘
%.. ; :' ! i i § Frial .h..:v...\ Tt - ...-.;: :_“
! i : H 1 ,a,b"Ef'i tignn: "“r!ﬁ'-.:u.ag
: i ‘ f L FORM-—

CEX LY HMACT o B0

Figure 9 Volatlle Or rgann;:s Analxsxs Data Sl;geet
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g 3.

VOUATILE ORGANICS' ANALYSLS.DATA SHEET

TENTATIVELY IDENTIFIED COMPOUNDS

ETER

Lab Name: o e

nnt

meontract i

EPA SAMPLE NO.

sagip '?"E

~Lab-Coden Case No
~Matrixe--{soi Hwater)
~Sample-wt/vol:

-Levetr-(low/med)
~%-Moistures- not” dec.

SEM QWS 2N

LR A
. ﬁ:-J-j

LEdSIMAZ BUTY

______-SAS~N0 —
th Samprle ID"

s AL i 0 d e

(gimL)

.|i

Lab-File-IDs-
Date- Received-
Pate-Analyzed:

34 WY 0T 23

D1 1u:!;10n Fa.ctor

S )

SDG- No ___‘_____

LI 17N IR I

g, -} -

AT e
v

B I

CONCENTRATION UNITS:

Number TICs™ f‘ouna

ug/trorug k)

H
wy A i . ] oy riTmal Rt su 2t
CAS NUMBER H !‘A CBﬂPadﬁa NAME T I‘RT EST CONC Q
; Lo R 8 TN Db SVNOUOR NP
1. = o+ T TP TP P == T
2. i i - i ™ R
3. o R N L
4, T i : o
5. | ; b
6. P I H i
7. : ‘ i
8. ' I
9. ! ; -
10. I ' Ld
11. ! ' ! o ]
12. R DUV S " N e
13, e o - rairs oo e " N PR
14, e e § s e s e e o et e manress s e e e hareart e e b et v -
1B. [ - AR . ~—— e W
16. \ arerarirmmne s s s 1 b e i b e e+ 2o 4 Lt R - e n e e
17. b svrsmers s i { et e 4 B e e I
18. | E Lo+ s s st s R G Lt ot A v
19. __ = = e ey
20. ioenimdieionul S B It el R
21 . — [ hirariat e Ay mar ,‘:
22 . S for e ; v mrar———r e ——ne e .-A--n-.; = e o
23. grime ity 1 - i Vona
24 - i T --fi--' e I - ” 'f g
25, e -
26, T T Do
27. . - 3
28. _ i : GE
29, __ T : a
30. _
AR
AR FRRR BHE] IR (- 13-

“E‘"“’"“"’T",{z{‘ Frgdl bogita i alirgloh

FORM I TIC

R i

10/86

Figure 10. Volatile Organics Ana!ys:s Data Sheet, Tentatlveiy ldentified Compounds
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I

N

Lab Name:

VOLATILE METHOD BLANK SUMMARY

Contract:

Lab Code:

EPA Sample No.
Instrument ID:
Date Analyzed:

Case No.:

for Method Blank:

Matrix: (soil/water)

THIS METHOD BLANK APPLIES TO THE FOLLOWING SAMPLES, MS AND MSD:

SAS No.:

Lab Sampie ID:
Lab File ID:
Time Analyzed:
Level: (low/med)

SDG No.:

EPA

SAMPLE NO.

LAB
SAMPLE

ID

LAB
FILE ID

TIME OF
ANALYSIS

COMMENTS:

Page of

FORM IV

Figure 11. Volatile Method Blank Summary
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| . 1 WATER VOLATILE SURROGATE RECOVERY

Lab Name: Contract:
Lab Code: Case No.: SAS No.: SBG Neo.:

EPA s1 52 S3 TOT
SAMPLE NO. (TOLY# (BFB)# (DCE)# OTHER ouT

n
—

i
n
W

) 2

L]
N N
oam

9C LIMITS

51 (TOL) = Toluene-dg (88-110)
52 (BFB) = Bromofluorobenzene (86-115)
$3 (DCE) = 1,2-Dichloroethane-dy (76-114)
#Column to be used to flag recovery values with an asterisk
, *Yalues outside of contract required QC limits
{ B Page __ of ___ FORM 11 10/86

Figure 12. Water Volatile Surrogate Recovery
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2

y

SOIL VOLATILE SURROGATE RECOVERY

Lab Name: Contract:
Lab Code:; _______ Case No.: SAS No.: SBG No.:
Level: (low/med)

EPA 51 s2 S3
SAMPLE NO. (TOL) # (BFB)# (DCE)# OTHER

T0T
ouT

s1 (ToL)
s2 (BFB)
$3 (DCE)

Toluene-dg (81-117)
Bromof luorobenzene (74-121)
1,2-Dichloroethane-dy (70-121)

|2 |

#Column to be used to flag recovery values with an asterisk

*Yalues outside of contract required QC limits

Page __ of ___ FORM II
Figure 13. Soil Volatile Surrogate Recovery
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. : WATER VOLATILE MATRIX SPIKE/MATRIX SPIKE DUPLICATE RECOVERY

: Lab Name: Contract:
; Lab Code: _______  Case No.: .. SAS No.: e SDG No.:
o Matrix Spike - EPA Sample No.:

S AMOUNT qc
ol ADDED SAMPLE CONC. MS CONC. MS% LIMITS
- COMPOUND {ng) (ug/L) (ug/L) REC REC.
o 1,1-Dichlorcethene 61-145
T Trichlorcethene 71-120

S Benzene 76-127
U} ‘;','-
o Toluene 76-125
"Q AN
A, Chlorobenzene ' 75-130
M
n -
) ' MSD CONC. QC LIMITS -
. MSD% MS% A -

L COMPOUND (ug/L) REC REC# | RPD# | RPOD REC.
BN :h 1.1-Dichlorcethene 14 681-145
. v Trichloroethene 14 71-120
N
. = Benzene 14 76-127

£ ' ’E
e Toluene 14 76-125
Chlorcbenzene 14 75-130

#Column to be used to flag recovery and RPD values with an asterisk
*¥alues outside of QC limits

RPD: ____ out of _______ outside limits
Spike Recovery: out of outside limits

COMMENTS:

.i FORM IIT 10/86

Figure 14. Water Volatile Matrix Spike/Matrix Spike Duplicate Recovery
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"ESA ?;j%}; ;%

1
&

) 2

SOIL VOLATILE MATRIX SPIKE/MATRIX SPIKE DUPLICATE RECOVERY

Lab Name: Contract:
Lab Code: Case No.: SAS No.: 306G No.:
Matrix Spike - EPA Sample No.: . level: (low/med)
AMOUNT ac
ADDED SAMPLE CONC. MS CONC. MS% LIMITS
COMPOUND (ng) {ug/L) (ug/L) REC REC.
1,1-Dichloroethane B9.172 -
Trichlorcethene 62-137
Benzene 66-142
Toluene 59-139
Chlorobenzene 60-133?:
MSD CONC. QC LIMITS
MSD% MSY g
COMPOUND (ug/L) REC# | REC# | RPD# | RPD REC.
1,1-Dichlorcethene 24 59-172
Trichloroethene 24 62-137
Benzene 21 66-142
Toluene 21 53-139
Chlorobenzene ‘ 21 60-133

#Column to be used to flag recovery and RPD values with an asterisk
*Yalues outside of QC limits

RPD: __  out of _____ outside limits
Spike Recovery: ____ out of _____ outside limits
COMMENTS;

FORM III 10/86
Figure 15. Soil Volatile Matrix Spike/ Matrix Spike Duplicate Recovery
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et YOLATILE INTERNAL STANDARD AREA SUMMARY

» . ; Lab Name: Contract:

Lab Code: ______ Case No.: . SAS No.: . SDG No.:
EPA Sample No.(Standard): Date Analyzed:
Lab File ID (Standard): _.______ Time Analyzed:
Instrument ID:
IS1 (BCM) 152 (DFB) IS3 (CBZ}
AREA # RT AREA # RT AREA™ RI
LT 12 HOUR
s STD
T UPPER
- LIMIT
e LOWER
PR LIMIT
. EPA SAMPLE
o NG,
o 01
N 02
e 03
A 04
T 08
R 06
‘ C 07
N 08
N 09
¢
11
o 12
TF 13
- i4
N 16
o 16
. 17
™ 18
. 19
o~ 20
21
22
23
24
IS1 (BCM) = Bromochloromethane UPPER LIMIT = + 100% of
C 152 (DFB) = 1,4-Difluorcbenzene internal standard area.
T 153 {CBZ) = Chlorobenzene LOWER LIMIT = - 50% of

internal standard area.

#Column used to flag internal standard area values with an asterisk

T, s AV

Page ____ of ___ FORM VIII

Figure 16. Volatile Internal Standard Area Summary
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SEMIVOLATILE ORGANIC COMPOUNDS
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-) The analytical methods that follow are designed to analyze water, soil

: and sediment for the semivolatile organic compounds (semivolatiles) listed in

. }g Table D-2. The methods are derived from the U.S. EPA's Contract Laboratory

Program (CLP) Statement of Work for Organics Analysis (October, 1986).

The methods include the following: sample preparation, screening, and
analysis. Sample preparation covers sample extraction and cleanup tech-
niques. As described in the screening section, a portion of the extracts may
be screened on a gas chromatograph with appropriate detectors to determine
the concentration level of organics. The analysis method involves GC/MS
techniques for the determination of the semivolatiles; it is based on EPA
Method 625 (Base/Neutrals and Acids).

Problems have been associated with the following compounds covered by this
method. Dichlorobenzidine and 4-chlorvaniline can be subject to oxidative
losses during solvent concentration., This is especially true in the
soil/sediment method when concentrating the methylene chloride/acetone
extraction solvent. Hexachlorocyclopentadiene is subject to thermal
decomposition in the inlet of the gas chromatograph, chemical reaction in
acetone solution, and photochemical decomposition. N-nitrosodiphenylamine
decomposes in the gas chromatographic inlet forming diphenylamine and,
consequently, cannot be separated from diphenylamine native to the sampile.
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Table D-2. Analytes Determined by CLP Semivolatiles Analysis Method
Contract Required
Detection Limits?d
Water Low Soil/Sediment®:C
Analyte CAS Number (ug/L) (ug/kg)
35. Phenol 108-95-2 10 330
36. bis{2-Chloroethyl) ether 111-44-4 10 330
37. 2-Chlorophenol 95-57-8 10 330
38. 1,3-Bichlorobenzene 541-73~1 10 330
39. 1,4-Bichlorobenzene 106-46-7 10 330
40. Benzyl alcohol 100-51-6 10 330
41, 1,2-Dichleorobenzene 95-50-1 10 330
42. 2-Methylphenol 9b-48-7 10 330
43. bis(2-Chloroisopropyl)ether 39638-32-9 10 330
44, 4-Methyliphenol 106-44-5 10 330
45, N-Nitroso-dipropylamine 621-64-7 i0 330
46. Hexachloroethane 67-72-1 10 330
47. Nitrobenzene 98-95-3 10 330
48. Isophorone 78-59-1 10 330
43, 2-Nitrophenol 88-75-5 10 330
50. 2,4-Dimethylphenol 105-67-9 10 330
51. Benzoic acid 65-85-0 50 1600
52. bis{2-Chloroethoxy)
methane 111-91-1 10 330
53 2,4-Dichlorophenol 120-83-2 10 330
54, 1,2,4-Trichlorobenzene 120-82-1 10 330
55. Naphthalene 91-20-3 10 330
56. 4~Chlorvaniline 106-47-8 10 330
57. Hexachlorobutadiene 87-68-3 10 330
58. 4-Chloro-3-methylphenol
(para-chloro-meta-cresol) 59-50-7 10 330
59. 2-Methylnaphthalene 91-57-6 10 330
60. Hexachlorocyclopentadiene 77-47-4 10 330
61. 2,4,6-Trichlorophenol 88-06-2 10 330
62. 2,4,5-Trichlorophenol 895.95-4 50 1600
63. 2-Chloronaphthalene 91-58-7 10 330
64. 2-Nitroaniline 88-74-4 50 1600
65. Dimethyl phthalate 131-11-3 10 330
66. Acenaphthylene 208-96-8 10 330
67. 2,6-Dinitrotoluene 606-20-2 i0 330
68. 3-Nitroaniline 938-09-2 50 1600
69. Acenaphthene 83-32-9 10 330
7G. 2,4-Dinitrophenol 51-28-5 50 1600
71. 4-Nitrophenol 100-02-7 50 1600
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Table D-2. Analytes Determined by CLP Semivolatiles Analysis Method
{Continued)
Contract Required
Detection Limitsd
Water Low Soil/Sediment®,C
Analyte CAS Number (ug/L) (ug/kg)

72. Dibenzofuran 132-64-9 10 330
73. 2,4-Dinitrotoluene 121-14-2 10 330
74. Diethyiphthalate 84-66-2 10 330
75. 4-Chlorophenyl phenyl

ether 7005~72-3 10 330
76. Fluorene 86-73-7 10 330
77. 4-Nitroaniline 100-01-6 50 1600
78. 4,6-Dinitro-2-methylphenol 534-52-1 50 1600
79. N-nitrosodiphenylamine 86-30-6 10 330
80. 4-Bromophenyl phenyl ether 101-55-3 10 330
81. Hexachlorobenzene 118-74-1 10 330
82. Pentachlorophenol 87-86-5 50 1600
83. Phenanthrene 85-01-8 10 330
84. Anthracene 120-12-7 10 330
85. Di-n-butylphthalate 84-74-2 10 330
86. Fluoranthene 206~44-0 10 330
87. Pyrene 12%-00-0 10 330
88. Butyl Benzyl phthalate 85-68-7 10 330
8%. 3,3'-Dichlorobenzidine 91-94-1 20 660
90. Benzo(a)anthracene 56~55-3 10 330
91. Chrysene 218-01-9 10 330
92. bis(2-ethylhexyl)phthalate 117-81-7 10 330
93. Di-n-octyl phthalate 117-84-0 10 330
94. Benzo(b)fluoranthene 205-99-2 10 330
95. Benzo(k)fluoranthene 207-08-9 10 330
96. Benzo(a)pyrene 50-32-8 10 330
97. Indeno(1,2,3-cd)pyrene 193-39-5 10 330
98. Dibenz(a,h)anthracene 53~70-3 10 330
99. Benzo(g,h,i)peryiene 191-24-2 10 330

Specific detection limits are highly matrix dependent. The detection
1imits 1isted herein are provided for guidance and may not always be
achievable.

Detection limits listed for soil/sediment are based on wet weight.
The detection limits calculated by the laboratory for soil/sediment,
calculated on dry weight basis as required by the contract, will be
higher.

Coniract required detection limits {CRDL) for semivolatiles at medium
levels in soil/sediment are 60 times the listed CRDL for semivolatiles
at low levels in soil/sediment.
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SAMPLE PREPARATION FOR SEMIVOLATILES IN WATER

1.0 SUMMARY OF METHOD

1.1 A measured volume of sample, approximately 1 L, is serially

extracted with

methylene chloride at a pH greater than 11 and

again at a pH less than 2, using a separatory funnel or a
continuous extractor. The methylene chloride extracts are dried
and concentrated separately to a volume of 1 mL. An extract for
pesticide/PCB analysis may be prepared from an aliquot of the
extract for semivolatiles, or in a separate extraction procedure.
If it is prepared from the semivolatile extract, refer to the
procedure for extraction of pesticides/PCBs.

2.0 INTERFERENCES

3.0

2.1 Method interferences may be caused by contaminants in solvents,
reagents, glassware, and other sample processing hardware, that

lead to discrete artifacts and/or elesvated baselines in the total
jon current profiles {TICPs). A1l of these materials must be

routinely demonstrated to be free from interferences under the
conditions of the analysis by running laboratory reagent blanks.
Matrix interferences may be caused by contaminants that are
coextracted from the sample. The extent of matrix interferences
will vary considerably from source to source.

OLLECT

RESERVATION D_HANDL

3.1 Samples must be protected from Tight and refrigerated at 49C
(229C) from the time of receipt until analysis or extraction.

3.2

IT separatory funnel procedures are emplioyed for extractions

for semivolatile analyses, extraction of water samples shall be
completed within 5 days of validated time of sample receipts

(VISR). If continuous liquid-liquid extraction procedures are
employed, extraction of water samples shall be started within .

5 days of VTSR.

Extracts must be analyzed within 40 days of VTSR.
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4.0 APPARATUS AND EQUIPMENT

4.1 Glassware (brand names and catalog numbers are included for
illustration purposes only)

4.1.1 Separatory funnel - 2 L, with Teflon stopcock.

4.1.2 Drying column - 19-mm I.D. chromatographic column with
coarse frit. (Substitution of a small pad of Pyrex glass
wool for the frit will prevent cross contamination of sample
extracts.)

4.1.3 Concentrator tube - Kuderna-Danish, 10 mL, graduated (Kontes
K-5700501025 or equivalent). Calibration must be checked at
the volumes employed in the test. Ground-glass stopper is
used to prevent evaporation of extracts.

4.1.4 Evaporative flask - Kuderna-Danish, 500 mL (Kontes
K-5700010500 or equivalent). Attach to concentrator tube
with springs.

4.1.5 Snyder column - Kuderna-Danish, three-ball macro (Kontes
K-5030000121 or equivalent).

4.1.6 Snyder column - Kuderna-Danish, two-ball micro (Kontes
K5690010219 or equivalent).

4.1.7 Vials - Amber glass, 2-mL capacity with Teflon~-lined screw
cap.

4.1.8 Continuous liquid-liquid extractors - Equipped with Teflen
or glass connnecting joints and stopcocks requiring no
lubrication (Hershberg-Wolf Extractor-Ace Glass Company,
Vineland, NJ, P/N 6841-10 or equivalent).
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4.2 Silicon carbide boiling chips - Approximately 16/40 mesh. Heat
to 400°C for 30 min or Soxhlet extract with methylene chloride.

4.3 Water bath - Heated, with concentric ring cover, capable of
temperature control (x29C). The bath should be used in a hood.

4.4 Balance ~ Analytical, capable of accurately weighing 0.0001 g¢.

4.5 Nitrogen evaporation device - Equipped with a water bath that
can be maintained at 35 to 409C (N-Evap by Organomation Associ-
ates, Inc. South Berilin, MA, or equivalent). -

REAGENTS

5.1 Reagent water - Reagent water is defined as a water in which an
interferent is not observed at or above the contract required
detection limits (CRDL) of each parameter of interest.

5.2 Sodium hydroxide solution (10 N) - Dissolve 40 g of NaOH in r‘eagen.
water and dilute to 100 mL.

5.3 Sodium thiosulfate - (ACS) Granular.

5.4 Sulfuric acid solution (1 + 1) - Slowly add 50 mL of HpSO4
(sp gr. 1.84) to 50 mL of reagent water.

5.5 Acetone, methanol, methylene chloride - Pesticide quality or
equivalent.

5.6 Sodium sulfate - (ACS) Powdered, anhydrous. Purify by heating
at 400°C for 4 h in a shallow tray, cool in a desiccator, and

store in a glass bottle (Baker anhydrous powder, catalog No. 73898,
or equivalent).
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5.7 Surrogate Standard Spiking Solution

5.7.1

5.7.2

Surrogate standards are added to all samples and calibration
solutions; the compounds specified for this purpose are
phenol-dg, 2,4,6-tribromophenol, 2-fluorophenol,
nitrobenzene-ds, terphenyl-dig, and 2-fluorobiphenyl.

Two additional surrogates, one base/neutral and one

acid, may be added.

Prepare a surrogate standard spiking solution that contains
the base/neutral compounds at a concentration of 100 ug/mlL,
and the acid compounds at 200 ug/mL. Store the spiking
solution at 49C (+29C) in a Teflon-sealed container.

The solution should be checked frequently for stability.
The solution must be replaced after 12 months, or socner if
comparison with quality control check samples indicates a
probiem.

5.8 Matrix standard spiking solution - Prepare a matrix spiking solu-
tion that contains each of the following base/neutral compounds at
100 ug/mL in methanol and the following acid compounds at 200 ug/mlL
in methanol. Analyze duplicate aliquots of a sample spiked with
this matrix spiking solution.

Base/Neutrals Acids
1,2,4-trichliorobenzene pentachlorophenol
acenaphthene phencl
2,4-dinitrotoluene 2~chlorophenol
pyrene 4-chloro-3-methylphenol
N-nitroso-di-n-propylamine 4-nitrophenol

1,4=-dichlorobenzene
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6.0 PROCEDURE

6.1 Separatoery Funnel Extraction

6.1.1

6.1.2

6.1.3

6.1.4

Samples may be extracted using separatory funnel tech-
niques. If emulsions prevent acceptable soivent recovery
with separatory funnel extraction, continuous extraction
(Section 6.2) may be used. The separatory funnei extraction
scheme described below assumes a sample volume of 1 L.

Using a 1-L graduated cylinder, measure out a 1-L sample
aliquot and place it into a 2-L separatory funnel. Pipet
1.0 mL of surrogate standard spiking solution into the
separatory funnel and mix well. Check the pH of the sample
with wide range pH paper and adjust to pH >11 with 10 N
sodium hydroxide. Add 1.0 mL of mairix spiking solution to
each of two 1-L portions from the sample selected for

spiking. .

Add 60 mL of methylene chloride to the separatory funnel and
extract the sample by shaking the funnel for 2 min, with
periodic venting to release excess pressure. Allow the
organic layer to separate from the water phase for a minimum
of 10 min. If the emulsion interface between layers is more
than one-third the volume of the solvent layer, the analyst
must emplioy mechanical techniques to complete the phase sep-
aration. The optimum technique depends upon the sample, and
may include stirring, filtration of the emuision through
glass wool, centrifugation, or other physical methods.

Collect the methylene chloride extract in a 250-mL Erlen-
meyer flask. If the emulsion cannot be broken (recovery of
less than 80 percent of the methyiene chloride, corrected
for the water solubility of methylene chloride), transfer
the sample, solvent and emulision into the extraction chamb
of a continuous extractor. Proceed as described in Sec-
tion 6.2.3.
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6.1.5

6.1.6

6.1.7

6.1.8

6.1.9

Add a second 60-mL volume of methylene chloride to the
sample bottle and repeat the extraction procedure a second
time, combining the extracts in the Erlenmeyer flask. Per-
form a third extraction in the same manner. Label the com-
bined extract as the base/neutral fraction. )

Adjust the pH of the aqueous phase to less than 2 using sul-
furic acid (1 + 1), Serially extract three times with 60-mL
aliquots of methylene chloride, as per Section 6.1.3. Col-
lect and combine the extracts in a 250-mL Erlenmeyer Tlask
and label the combined extract as the acid fraction.

Assemble a Kuderna-Danish (K-D) concentrator by attaching a
10-mL concentrator tuba to a B0O-mL evaporative flask.
Other concentration devices or techniques may be used in
place of K-D apparatus, if equivalency is demonstrated for
all extractable organics listed in Table D-2.

Transfer the individual base/neutral and acid fractions by
pouring extracts through separate drying columns containing
about 10 cm of anhydrous granular sodium suifate, and
collect the extracts in separate K-D concentrators. Rinse
the Erlenmeyer flasks and columns with 20 to 30 mbL of
methylene chloride to complete the quantitative transfer.

Add one or two clean boiling chips and attach a three-ball
Snyder column to the evaporative flask. Pre-wet the Snyder
column by adding about 1 mlL of methylene chloride to the
top of the column. Place the K-D apparatus on a hot

water bath (80 to 90°C) so that the concentrator tube

is partially immersed in the hot water, and the entire
lower rounded surface of the flask is bathed with hot
vapor. Adjust the vertical position of the apparatus and
the water temperature as required to complete the
concentration in 10 to 15 min. At the proper rate of
distillation, the balls of the column will actively chatter
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6.1.10

but the chambers wil) not flood with condensed solvent. .
When the apparent volume of liquid reaches 1 mL, remove the
K-D apparatus from the water bath and allow it to drain and
cool for at least 10 min. Remove the Snyder column and

rinse the flask and its Tower joint into the concentrator
tube with 1 to 2 mL of methylene chloride. A B-mL syringe

is recommended for this operation.

Final Concentration of Extract

Concentrate the extract to 1.0 mL using one of the
following techniques.

6.1.10.1 Micro Snyder column concentration - Add another
one or two clean boiling chips to the concentra-
tor tube and attach a two-ball micro Snyder col-
umn. Pre-wet the Snyder column by adding about
0.5 ml. of methylene chloride to the top of the .

column. Place the K-D apparatus on a hot
water bath (80 to 909C) so that the concen-

trator tube is partially immersed in the hot

water. Adjust the vertical position of the
apparatus and the water temperature as required
to complete the concentration in 5 to 10 min. At
the proper rate of distillation the balls of the
column will actively chatter but the chambers
will not flood with condensed solvent. When the
apparent volume of liquid reaches about 0.5 mlL,
remove the K-D apparatus from the water bath and
allow it to drain for at least 10 min while cool-
ing. Remove the Snyder column and rinse its
flask and its lower joint into the concentrator
tube with 0.2 mL of methylene chloride. Adjust
the final volume to 1.0 mL with methylene chlor-
ide. If GC/MS analysis will not be performed .
immediately, stopper the concentrator tube and
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store refrigerated. If the extracts will be
stored longer than two days, they should be
transferred to individual Teflon-sealed screw
cap bottles and labeled base/neutral or acid
fraction, as appropriate. )

6.1.10.2 Nitrogen blowdown concentration - Place the
concentrator tube in a warm water bath (35°C)
and evaporate the solvent volume to just be-
low 1 mL using a gentle stream of clean, dry
nitrogen filtered through a column of activated
carbon. Caution: New plastic tubing must not be
used between the carbon trap and the sample, as
it may introduce interferences. The internal
wall of the tube must be rinsed down several
times with methylene chloride during the opera-
tion and the final volume brought to 1 mL with
methylene chloride. During evaporation, the tube
solvent level must be kept below the water level
of the bath. The extract must never be allowed
to become dry.

6.2 Continucus Liquid-Liquid Extraction

6.2.1

6.2.2

Check the pH of the sample with wide-range pH paper and
adjust to pH 11 with 10 N sodium hydroxide. Transfer a 1-L
sample aliquot to the continuous extractor; using a pipet,
add 1 mL of surrogate standard spiking solution and mix
well,

Add 500 mL of methylene chloride to the distilling flask.
Add sufficient reagent water to ensure proper operation and
extract for 18 h. Allow to cool, then detach the boiling
flask and dry. Concentrate the extract as discussed in
Sections 6.1.7 to 6.1.10. Hold the concentrated extract and
label as the base/neutral extract.

D-91



4

6.2.3 Add 500 mL of methylene chloride to a clean distilling fla.
and attach it to the continuous extractor. Carefully adjust
the pH of the aqueous phase to less than 2 using sulfuric
acid (1 + 1). Extract for 18 h. BDry and concentrate the
extract as described in Sections 6.1.7 to 6.1.10. Hold the
concentrated extract and label as the acid exiract,

If the base/neutral and/or acid extracts cannot be concen-
trated to a final volume of I mL, dilute the more concen-
trated extract to the final volume of the least concentrated
extract.

6.3 The samples extracts are ready for GC/MS analysis. Proceed to
GC/MS Analysis of Semivolatiles. If high concentrations are sus-
pected (e.g., highly colored extracts), the optional GC/FID screen
is recommended.
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1.0

2.0

MEDIUM LEVEL PREPARATION FOR SCREENING AND ANALYSIS OF
SEMIVOLATILES IN SOIL/SEDIMENT

SCOo PPLICAT

1.1 This procedure is designed for the preparation of sediment/soil
samples which may contain organic chemicals at a level greater than
20,000 ug/kg.

1.2 The extracts and sample aliquots prepared using this method are
screened by GC/MS or GC/FID, using capillary columns for base/
neutral and acid priority pollutants, and related organic chemi-
cals. The results of these screens will determine whether suffi-
cient quantities of pollutants are present to warrant analysis by
iow or medium protocol.

1.3 If the screenings indicate no detectable pollutants at the lower
limits of quantitation, the sample should be prepared by the low
level protocol.

SUMMARY OF METHOD

2.1 Approximately 1-g portions of sediment/soil are transferred to
vials and extracted with methylene chloride. The methylene chlor-
ide extract is screened for extractable organics by GC/FID or
GC/MS.

2.2 1If organic compounds are detected by the screen, the methylene
chloride extract is analyzed by GC/MS for extractable organics.

2.3 If no organic compounds are detected by the medium level screen,

then a low level sample preparation is required.
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3.0

4.0

INTERFERENCES

3.1

3.2

3.3

Method interferences may be caused by contaminants in solvents,
reagents, glassware, and other sample processing hardware that lead
to discrete artifacts and/or elevated baselines in the total ion
current profiles. A1l of these materials must be routinely demon-
strated to be free from interferences under the conditions of the
analysis by running laboratory reagent blanks. Matrix interfer-
ences may be caused by contaminants that are coextracted from the
sample. The extent of matrix interferences will vary considerably
from source to source.

The procedure is designed to allow quantitation limits for screen-
ing purposes as low as 20,000 ug/kg for extractable organics. For
analysis purposes, the quantitation limits are 20,000 ug/kg for
extractabie organics. If peaks are present based on the GC/FID

screen, the sample is determined to require a medium level ana]ysii

by GC/MS. Some samples may contain high concentrations of chemi-

cals that interfere with the analysis of other components at lower
levels; the quantitation limits in those cases may be significantly

higher.

These extraction and preparation procedures were developed for
rapid and safe hahdiing of high concentration hazardous waste
samples. The design of the methods thus does not stress efficient
recoveries or low limits of quantitation of all components.

Rather, the procedures were designed to screen at moderate recovery
and sufficient sensitivity, a broad spectrum of organic chemicals.
The resuits of the analyses thus may reflect only a minimum of the
amount actually present in some samples.

APPARATUS AND EQUIPMENT

4.1

aluminum foil liner.

Glass scintillation vials - 20 mL, with screw cap and Teflon or .
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5.1

Spatula - Stainless steel or Teflon.
Balance - Capable of weighing 100 g to the nearest 0.01 g.
Vials and caps - 2 mL for GC autosampler.

Pasteur pipets - Disposable; glass wool rinsed with methylene
chloride.

Concentrator tubes - 15 mlL.

Ultrasonic cell disruptor - Heat Systems Ultrasonics, Inc., Model
W~385 SONICATOR (475 Watt with pulsing capability, No. 200
1/2-in. tapped disruptor horn, and No. 419 1/8-in. standard
tapered MICROTIP probe), or equivalent device with a minimum of
375 Watt output capability. NOTE: To ensure that sufficient
energy is transferred to the sample during extraction, the
MICROTIP probe must be replaced if the tip begins fo erode.
Erosion of the tip is evidenced by a rough surface.

Sonabox ~ Recommended with above disruptors for decreasing
cavitation sound.

Test tube rack.
Oven - Drying.

Desiccator.

4,12 Crucibles - Porcelain.

REAGENTS

Sodium sulfate - Anhydrous powdered reagent grade, heated at
400°9C for 4 h, cooled in a desiccator, and stored in a glass
bottle (Baker anhydrous powder, catalog No. 73898 or equivaient).
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5.2

5.3

5.4

Methylene chloride, methanol, and acetone - Pesticide residue

analysis grade or equivalent. .

Surrogate Standard Spiking Solution

5.3.1 The compounds specified are phenol-dg, 2,4,6-tribromo-
phenot, 2-fluorophenol, nitrobenzene-dg, terphenyi-dig,
and 2-fluorobiphenyl. Prepare a solution containing
these compounds for base/neutral surrogates at a concen-
tration of 100 ug/mL, and for acid surrogate standards at
a concentration of 200 ug/mL in methanol.

5.3.2 Store the spiking solutions at 49C (£2°C) in Teflon-
sealed containers. The solutions should be checked fre-
quently for stability. These solutions must be replaced
after 12 months, or sooner, if comparison with quality
control check samples indicates a problem.

Matrix Standard Spiking Solution .

5.4.1 Prepare a spiking solution in methanol that contains the
following compounds at a concentration of 100 ug/mi for
base/neutrals and 200 ug/mlL for acids.

Base/Neutrals Acids
1,2,4-trichlorobenzene pentachlorophenoi
acenaphthense phencol
2,4-dinitrotoluene 2-chlorophenol
pyrene 4-chloro-3-methyiphenol
N-nitroso-di-n-propylamine 4-nitrophenol

1,4-dichlorobenzene

5.4.2

Store the spiking solutions at 49C {+29C) in Teflon-
sealed containers. The solutions should be checked fre-
quently for stability. These solutions must be repiaced .

after 12 months, or sooner, if comparison with quality
control check samples indicates a probiem.
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6.0 PROCEDURE

6.1

6.2

Percent moisture (%) =

6.3

6.4

6.5

6.6

Transfer the sample container into a fume hood. Open the sample
vial. Decant and discard any water layer and then mix the sample.
Transfer approximately 1 g (record weight to the nearest 0.1 g) of
sample to a 20-mL vial. Wipe the mouth of the vial with a tissue
to remove any sample material. Record the exact weight of sample
taken. Cap the vial before proceeding with the next sample to
avoid any cross-contamination.

Immediately after weighing the samplie for extraction, weigh 5 to
10 g of the sediment into a tared crucible. Determine the per-
cent moisture by drying overnight at 105°C. Allow to cool in a
desiccator before weighing. Concentrations of individual analytes
will be reported relative to the dry weight of sediment.

Weight of sample (g) - Weight of dry sample (g) , 1qq
Weight of sample (g)

Add 2.0 g of anhydrous powdered sodium sulfate to the sample in the
20-mL vial from Section 6.1 and mix well.

Surrogate standards are added to all samples, spikes, and blanks.
Add 1.0 mL of surrogate spiking solution to the sample mixture.

Add 1.0 mL of matrix standard spiking solution to each of two 1l-g
portions from the sample chosen for spiking.

Immediately add 9.0 mL of methylene chloride to the sample and dis-
rupt the sample with the 1/8-in. tapered MICROTIP ultrasonic probe
for 2 min at output control setting 5. (If using a sonicator other
than Model W-385, refer to the manufacturer's instructions for
appropriate output settings.) Before extraction, make certain that
the sodium sulfate is free flowing and not a consolidated mass. As
required, break up large lumps with a clear spatula, or very care-
fully with the tip of the probe.
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6.7

6.8

6.9

6.

10

Add 8.0 mL of methylene chloride to the matrix spike samples to
achieve a final voiume of 10 mi.

Loosely pack disposable Pasteur pipets with 2- to 3-cm glass wool
plugs. Filter the extract through the glass wool and collect 5.0
mL in a concentrator tube. -

Place the concentrator tube in a warm water bath (359C) and
evaporate the solvent volume to below I mL using a gentie

stream of clean, dry nitrogen (filtered through a column of
activated carbon). Caution: New plastic tubing must not be used
between the carbon trap and the sample, since it may introduce
interferences.

The internal wall of the tube must be rinsed down several times
with methylene chloride during the operation. During evaporatiocn,
the tube solvent level must be kept below the water level of the
bath. The extract must never be allowed to become dry. Bring the
final volume of the extract to 1.0 mL with methylene chloride.

Transfer the concentrated extract to an autosampler vial for
GC/FID or GC/MS capiilary column screening. If the extract is
screened, the quantitation limits should be approximately
20,000 ug/kg.
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LOW LEVEL PREPARATION FOR SCREENING AND ANALYSIS OF
SEMIVOLATILES IN SOIL/SEDIMENT

1.0 SUMMARY OF METHOD

1.1 A 30-g portion of soil sediment is mixed with anhydrous powdered
sodium sulfate and extracted with 1:1 methylene chloride/acetone
using an ultrasonic probe. If the optional low level screen is
used, a portion of this diiute extract is concentrated fivefold and
is screened by GC/FID or GC/MS. If peaks are present at greater
than 20,000 ug/kg, discard the extract and prepare the sample by
the medium level method. If no peaks are present at greater than
20,000 ug/kg, the extract is concentrated. An optional gel permea-
tion column cleanup may be used before analysis.

2.0 INTERFERENCES

2.1 Method interferences may be caused by contaminants in solvents,
reagents, glassware, and other sample processing hardware that Tead
to discrete artifacts and/or elevated baselines in the total ion

current profiles. A1l of these materials must be routinely demon-
strated to be free from interferences under the conditions of the

analysis by running laboratory reagent blanks. Matrix interfer-
ences may be caused by contaminants that are coextracted from the
sample. The extent of matrix interferences will vary considerably
from source to source.

3.0 APPARATUS AND EQUIPMENT
3.1 Apparatus for Determining Percent Moisture
| 3.1.1 0Oven - Drying.
3.1.2 Desiccator.

3.1.3 Crucibles - Porcelain.
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3.2 Pasteur pipets - 1-mL, disposable.

3.3 Ultrasonic cell disruptor - Heat Systems Ultrasonics, Inc. Model

3.4

3.5

3.6

3.7

3.8

3.9

375 SONICATOR (375 watt with pulsing capability, No. 305 1/4-in.

tapped high gain "Q" disruptor horn or Model 208 3/4-in. standard
tip solid horn), or equivalent device with a minimum of 375 watt

output capability. Note: To ensure that sufficient energy is

transferred to the sample during extraction, the horn must be re-
placed if the tip begins to erode. Erosion of the tip is evidenced

by a rough surface.
Beakers - 400 mlL.
Vacuum Tiltration apparatus.

Buchner funnel.

Filter paper - Whatman No. 41 or equivalent.

3.8.1 Concentrator tube - 10 mL, graduated (Kontes K-5700401025 or

Kuderna-Danish (K-D) apparatus.

equivalent).

3.8.2 Evaporative flask - 500 mL (Kontes K-5700010500 or
equivalent).

3.8.3 Snyder column - Three-ball macro (Kontes K-5030000121 or
equivalent).

3.8.4 Snyder column - Two-ball micro {Kontes K-5650010219 or
equivalent).

Silicon carbide boiling chips - Approximately 10/40 mesh. Heat
to 400°C for 30 min or Soxhlet extract with methylene chloride.
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3.10

3.11

3.12

3.13

3.14

3.15

Water bath - Heated, with concentric ring cover, capable of
temperature control (+2°C). The bath should be used in a
hood.
Balance - Capable of accurately weighing +0.01 g.
Vials and caps - 2 mL for GC autosampler.
Baiance - Analytical, capable of accurately weighing x0.0001 g.
Nitrogen evaporation device - Equipped with a water bath that
can be maintained at 35 to 40°C (N-Evap by Organomation
Associates, Inc., South Berlin, MA, or equivalent).
Gel permeation chromatography (GPC) cleanup device. Note: GPC
cleanup is highly recommended for all extracts for low level
soils.
3.165.1 Automated system

3.15.1.1 Gel permeation chromatograph (Analytical Bio-

chemical Labs, Inc. GPC Autoprep 1002, or equiv-

alent) including:

3.15.1.2 25-mm I.D. x 600- to 700-mm glass column packed
with 70 g of Bio-Beads SX-3.

3.15.1.3 Syringe - 10 mL with Luerlock fitting.

3.15.1.4 Syringe filter holder and fiiters - Stainless
steel and TFE, Gelman 4310 or equivalent.

3.15.2 Manual system assembled from parts*

*Wise, R.H., D.F. Bishop, R.T. Williams, and B.M. Austern. "Gel Permeation
Chromatography in the GC/MS Analysis of Organics in Sludges™ U.S. EPA,
Municipal Environmental Research Laboratory - Cincinnati, Ohio 45268.
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3.16 Pyrex glass wool,

25-mm I.D. x 600~ to 700-mm heavy wall glass
column packed with 70 g of Bio Beads 5X-3. .

Pump - Altex Scientific, Model No. 1001A, semi-
preparative, solvent metering system. Pump
capacity = 28 mL/min. )

Detector - Altex Scientific, Model Mo. 153, with
254 nm UV source and 8-UL semi-preparative flow-
cells (2-mm pathlengths).

Microprocessor/controller - Altex Scientific,
Model No. 420, Microprocessor System Controller,
with extended memory.

Injector - Altex Scientific, catalog No. 201-56,
sample injection valve, Tefzel, with 10-mL

sample loap. I

Recorder - Linear Instruments, Model No. 385,

10-in. recorder.

Effluent Switching Valve - Teflon slider valve,
3-way with 0.060-in. ports.

Suppliemental Pressure Gauge with connecting
Tee - U.3. Gauge, 0 to 200 psi, stainless
steel. Installed as a downstream monitoring
device between column and detector.

Flow rate was typically 5 mb/min of methylene
chloride. Recorder chart speed was 0.50 cm/min.

3.17 Pasteur pipets - Disposable. .

D-102



e

. 4.0 REAGENTS

4.1

4.2

4.3

4.4

4.5

4.6

Sodium sulfate - Anhydrous powdered reagent grade, heated at
4009C for 4 h, cooled in a desiccator, and stored in a

glass bottle (Baker anhydrous powder, catalog No. 73898 or
equivalent).

Methylene chloride, methanol, acetone, iscoctane, 2-propanol, and
benzene - Pesticide quality or equivalent.

Reagent water - Reagent water is defined as a water in which an
interferent is not observed at or above the CRDL of each parameter
of interest.

GPC calibration solutions
4.4.1 Corn o0il « 200 mg/mL in methylene chloride.

4.4.2 Bis{2-ethylhexylphthalate) and pentachlorophenol - 4.0 mg/mL
in methylene chloride.

Sodium sulfite - Reagent grade.
Surrogate Standard Spiking Selution

4.6.1 Surrogate standards are added to all samples, blanks, matrix
spikes, matrix spike duplicates, and calibration solutions;
the compounds specified for this purpose are phenol-dg,
2,4,6~tribromophenol, 2-fluorophenol, nitrobenzene-dg,
terphenyl-dig, and 2-fluorobiphenyl. Two additional
surrogates, one base/neutral and one acid may be added.

4.6.2 Prepare a surrogate standard spiking solution at a con-
centration of 100 ug/mL for base/neutral and 200 ug/mlL
for acids in methanol. Store the spiking solution at
49C (£2°C) in a Teflon-sealed container. The solution
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5.0

must be replaced after 12 months, or sooner if comparison.
with quality control check samples indicates a problem.

4,7 Matrix Standard Spiking Solutions

4.7.1 Prepare a matrix spiking solution that contains each of the
following compounds in methanol.

Base/Neutrals (100 ug/ml)} Acids (200 ug/ml)
1,2,4-trichlierobenzene pentachiorophencl
acenaphthene phenol
2,4~dinitrotoluene 2-chlorophenol

pyrene 4-chloro~3-methylphenol
N-nitroso-di-n-propyiamine 4-nitrophenoi

1,4-dichlorobenzene

4,.7.2 sStore the spiking solution at 49C (+£2°C) in a Teflon-
sealed container. The solution should be checked fre- .

quently for stability. The solution must be repiaced after
12 months, or sooner if comparison with quality control

check samples indicates a probiem.

4.7.3 Matrix spikes also serve as duplicates, therefore, add
volume specified in Section 5.0 to each of two 30-g por-
tions from one sample chosen for spiking.

PROCEDURE

5.1 Decant and discard any water layer on a sediment sample. Mix
samples thoroughly, especially composited samples. Discard any
foreign objects such as sticks, leaves, and rocks.

5.2 Transfer 50 g of soil/sediment to a 100-mlL beaker. Add 50 mL of

water and stir for 1 h. Determine pH of sample with glass elec-
trode and pH meter while stirring. Report pH value on appropriate.
data sheets. If the pH of the soil is greater than 11 or less than

B, contact the Project Manager for instructions on how to handle
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the sample. Document the instructions. Discard this portion of
sample.

5.3 The following steps should be performed rapidly to avoid loss of
the more volatile extractables.

5.3.1

5.3.2

Weigh approximately 30 g of sample to the nearest 0.1 g into
a 400-mL beaker and add 60 g of anhydrous powdered sodium
sulfate. Mix well. The sample should have a sandy texture
at this point. Immediately, add 100 mL of 1:1 methylene
chloride/acetone to the sample, than add the surrogates
according to Section 4.6.1.

Immediately after weighing the sampie for extraction, weigh
5 to 10 g of the sediment into a tared crucible. Deter-
mine the percent moisture by drying overnight at 105°C.
Allow to cool in a desiccator before weighing. Concentra-
tions of individual analytes will be reported relative to
the dry weight of sediment.

Percent moisture = Weight of sample (g) - Weight of dry sample (g) X 100

5.3.3

5.3.4

Weight of sample (g)

Weigh out two 30-g (record weight to nearest 0.1 g) portions
for use as matrix and matrix spike duplicates according to
Section 5.3.1. When using GPC cleanup, add 2.0 ml of the
base/neutral and acid matrix spiking solutions to each of
two portions. When not using GPC cleanup, add 1.0 mL of
base/neutral and acid matrix spiking solutions to each of
the other two portions.

When using GPC cleanup, add 1.0 mL of base/neutral and acid
surrogate standard spiking solution to the sample. When not

using GPC cleanup, add 0.5 mL of surrogate standard spiking
solution to the sample.
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5.4

5.5

5.6

5.7

5.8

5.9

Place the bottom surface of the tip of the 3/4-in. disruptor horn.
about 1/2 in. below the surface of the solvent but above the sedi-
ment Tayer.

Sonicate for 3 min using 3/4-in. disruptor horn with output control
knob set at 10 and mode switch on pulse and percent duty cycle knob
set at 50 percent. Do not use the MICROTIP probe. (If using a
sonicator other than Model W-385, refer to the manufacturer's
instructions for appropriate output settings.}

Decant and filter extracts through Whatman No. 41 fiiter paper
using vacuum filtration or centrifuge and decant extraction
solvent,

Repeat the extraction two more times with two additional 100-mL
portions of 1:1 methylene chloride/acetone. Before each

extraction, make certain that the sodium sulfate is free flowing

and not a consolidated mass. As required, break up large lumps .

with a clean spatula, or very carefully with the tip of the probe.
Decant off the extraction solivent after each sonication. On the

final sonication, pour the entire sample into the Buchner funnel
and rinse with 1:1 methylene chloride/acetone.

If the sample is to be screened from the low Tevel method, take

5.0 mL and concentrate to 1.0 mL following Section 5.13.2 or
5.13.3. Note that the sample volume in this case is 5.0 mL not
10.0 mL as given in Section 5.13.2. Screen the extract as per

the method "Screening of Semivolatile Organic Extracts." Transfer
the remainder of the 1 mL back to the total extract from Section
5.7 after GC/FID or GC/MS screening. (Caution: To minimize sample
loss, autosamplers which pre-flush samples through the syringe
should not be used.)

Transfer the extract to a K-D concentrator consisting of a 10-miL
concentrator tube and a 500-mL evaporative flask. Other .
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.’ concentration devices or techniques may be used if equivalency is
, demonstrated for all method parameters.

5.10 Add one or two clean boiling chips to the evaporative flask and
attach a three~ball Snyder column. Pre-wet the Snyder "column by
adding about 1 mL of methylene chloride to the top. Place the
K-D apparatus on a hot water bath (80 to 90°C) so that the
concentrator tube is partially immersed in the hot water and
the entire lower rounded surface of the flask is bathed with hot
vapor. Adjust the vertical position of the apparatus and the

. water temperature as required fo complete the concentration in 10
fé to 15 min. At the proper rate of distillation the balls of the

11 column will actively chatter but the chambers will not flood with
o~ condensed solvent. When the apparent volume of liquid reaches 1
~ mL, remove the K-D apparatus and allow it to drain and cool for at
least 10 min, and dilute to 10 mL with methylene chloride.

o

6. 5.11 If GPC cleanup is not used, proceed to Section 5.13.

S 5.12 GPC Cleanup of Extract
4\

5.12.1_ GPC Setup and Calibration

5.12.1.1 Packing the column - Place 70 g of Bio Beads
SX~3 in a 400-mL beaker. Cover the beads with
methylene chloride; allow the beads to swell
overnight (before packing the columns). Trans-
fer the swelled beads to the column and start
pumping solvent through the column, from bottom
to top, at 5.0 mL/min. After approximately 1 h,
adjust the pressure on the column to 7 to 10 psi
and pump an additional 4 h to remove air from
the column. Adjust the column pressure peri-
odically as required to maintain 7 to 10 psi.
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5.12.1.2 Calibration of the column - Load 5 mL of the .

corn oil solution into sample loop No. 1 and

5 mL of the phthalate-phenol solution into loop
No. 2. Inject the corn 0il and collect 10-mL
fractions (i.e., change fraction at 2-min
intervals) for 36 min. Inject the phthalate-
phenol solution and collect 1l5-mL fractions for
60 min. Determine the corn oil elution pattern
by evaporation of each fraction to dryness fol-
lowed by a gravimeiric determination of the
residue. Analyze the phthalate-phenol fractions
by GC/FID on the DB-5 capillary column, a UV
spectrophotometer, or a GC/MS system. Plot the
concentration of each component in each fraction
versus total eluent volume (or time) from the
injection points. Choose a "dump time" which
allows »>85 percent removal of the corn oil and
>85 percent recovery of the bis(2-ethylhexyl)-
phthalate. Choose the "collect time" to exten
at least 10 min after the elution of penta-
chlorophenol. Wash the column at least 15 min

between samples. Typical parameters selected
are dump time, 30 min (150 mL); collect time,

36 min (180 mL); and wash time, 15 min (75 mlL).
The column can also be calibrated by the use of
a 254 mm UY detector in place of gravimetric and
GC analyses of fractions. Measure the peak
areas at various elution times to determine
appropriate fractions.

The $X-3 Bio Beads column may be reused for
several months, even if discoleration occurs.
System calibration usually remains constant over
this period of time if column flowrate remains

constant. .
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5.12.2 Prefilter or load all extracts via the filter holder to
avoid particulates that might stop the flow. Load one
5.0-mL aliquot of the extract onto the GPC column. Do not
apply excessive pressure when loading the GPC. Purge the
sample loading tubing thoroughly with solvent between ex-
tracts. After especially dirty extracts, run a GPC blank
(methylene chloride) to check for carry-over. Process the
extracts using the dump, collect, and wash parameters
determined from the calibration and collect the cleaned
extracts in 400-mL beakers tightly covered with aluminum
foil. The phthalate-phenol calibration solution shall be
taken through the cleanup cycle with each set of 23 ex-
tracts loaded into the GPC. The recovery for each com-
pound must be >85 percent. This must be determined on a
GC/FID, using a DB-5 capillary column, a UV recording
spectrophotometer, or a GC/MS system. A copy of the
printouts of standard and check solution are required as
deliverables with each case. Show percent recovery on the

copy.

5.12.3 Concentrate the extract as per Sections 5.9 and 5.10,

Final Concentration of Extract with Optional Extract Splitting
Procedure

If the extract in Section 5.10 is to be used only for semivolatile
analysis, it must be concentrated to a volume of 1.0 mL, following
the procedure in Section 5.13.2.1.

If the extract in Section 5.10 is to be used for both semivolatile
and pesticide/PCB analyses, then it must be split into two por-
tions. In that case, follow the procedure in Section 5.13.1 to
obtain the pesticide portion, and follow that with the procedure
in Section 5.13.2.2 to obtain the semivelatiie portion.
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Refer to the methods for analysis of pesticides and PCBs for
specific instructions regarding the treatment of extracts for

pesticide analysis.

5.13.1

5.13.2

If the same extract is used for both semivolatile and
pesticide/PCB analyses to spilit out the pesticide extract,
transfer 0.6 mL of the 10-mL methylene chloride extract
from Section 5.10 to a separate concentrator tube. Add

B mL of hexane and a silicon carbide boiling chip and mix
using a vortex mixer. Attach a two-ball micro-Snyder
column. Pre-wet the Snyder column by adding 0.5 mL of
hexane to the top of the column. Place the K-D

apparatus on a hot water bath (80 to 90°C) so that

the concentrator tube is partially immersed in the hot
water. Adjust the vertical position of the apparatus and
the water temperature as required to complete the concen-
tration in 5 to 10 min. Concentrate the extract to an
apparent volume of less than 1 mL. Use Section 5.13.3 ¢
reduce the volume to 0.5 mL. Add 0.5 mL of acetone. The
pesticide extract must now be passed through an alumina
column to remove the base/neutral and acid surrogates and
polar interferences. Proceed to the pesticide/PCB
analysis method.

Concentration of the semivolatile extract

5.13.2.1 If the extract in Section 5.10 was not split to
obtain a portion for pesticide analysis, re-
attach the micro Snyder column to the concentra-
tor tube used in Section 5.10 which contains the
10-mL extract and add a fresh silicon carbide
boiling chip to the concentrator tube. Pre-wet
the Snyder column with 0.5 mL of methylene
chioride. Place the K-D apparatus on the
hot water bath (80 to 90°C) so that the
concentrator tube is partially immersed in the
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5.13.2.2

hot water. Adjust the vertical position of the
apparatus and the water temperature as required
to complete the concentration in 5 te 10 min.
When the apparent volume of the liquid reaches
0.5 ml, remove the K-D apparatus from-the water
bath and allow it to drain for at least 10 min
while cooling. Remove the Snyder column and
rinse the lower joint into the concentrator tube
with 0.2 mL of methylene chloride. Adjust the
final volume to 1.0 mL with methylene chloride.
If GPC cleanup was used, this 1.0 mL represents
a twofold dilution to account for only half of
the extract going through the GPC.

If the extract in Section 5.10 was split in
Section 5.13.1 to obtain a portion for pesticide
analysis, reattach the micro-Shyder column fo
the concentrator tube used in Section 5.10 which
contains the 9.5-mL extract and add a fresh
silicon carbide boiling chip to the concentrator
tube. Pre-wet the Snyder column with 0.5 mL

of methylene chloride. Place the K-D appa-
ratus on the hot water bath {80 to 90°C) so

that the concentrator tube is partially immersed
in the hot water. Adjust the vertical position
of the apparatus and the water temperature as
required to complete the concentration in § to
10 min. When the apparent volume of the liquid
reaches 0.5 mL, remove the K-D apparatus from
the water bath and allow it to drain for at
least 10 min while cooling. Remove the Snyder
column and rinse the lower joint into the
concentrator tube with 0.2 mL of methylene
chloride. Adjust the final volume to 0.95 mi
with methylene chloride. If GPC cleanup was
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used, this 0.95 mL represents a twofold dilut
to account for only half of the extract going
through the GPC.

5.13.3 Nitrogen blowdown technique (taken frem ASTM Method D

3086). The following method may be used for final concen-
tration of the semivolatile instead of the procedures in
Section 5.13.2. Place the concenirator extract tube

in a warm water bath (359C) and evaporate the solvent
volume to below 1 mL using a gentle stream of clean, dry
nitrogen (filtered through a column of activated carbon).
Caution: New plastic tubing must not be used between the
carbon trap and the sample, since it may introduce
interferences.

The internal wall of the tube must be rinsed down several
times with methylene chloride during the operation.
During evaporation, the tube solvent level must be kept

below the water level of the bath. The extract must never
be allowed to become dry.

If the extract in Section 5.10 was not split for both
semivolatile and pesticide analyses, bring the final vol-
ume of the extract to 1.0 mL with methylene chloride.
This represents a tenfold concentration. If the extract
in Section 5,10 was split in Section 5.13.1, then bring
the final volume of the semivolatile portion to 0.95 mL
with methylene chloride. This represents a similar ten-
fold concentration. In eijther case, if GPC cleanup tech-
niques were employed, the final volume (1.0 or 0.9%5 mlL)
represents a twofold diluftion to account for the fact that
only half the extract went through the GPC.

Store all extracts at 4°C (x29C) in the dark in
Teflon-sealed containers until ail analyses are performe.
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SCREENING OF SEMIVOLATILE
ORGANIC EXTRACTS

1.0 SUMMARY OF METHOD

1.1

2.1

The solvent extracts of water and sediment/soil are screened on a

gas chromatograph/flame ionization detector (GC/FID) using a fused
silica capillary column. The results of the screen will determine
the concentration of extract taken for GC/MS analysis.

. " 2.0 APPARATUS_AND MATERIALS

Gas chromatograph - An analytical system complete with a
temperature-programmable gas chromatograph and all required
accessories including syringes, analytical columns, and gases. The
injection port must be designed for on-column injection when using
packed columns, and for splitless injection when using capillary
columns.

2.1.1 Flame jonization detector.
2.1.2 GC column - 30 m x 0.32 mm, 1-u film thickness, silicone

coated, fused silica capillary column (J & W Scientific DB-5
or equivalent).

3.0 REAGENTS

B 3.1

3.2

Methylene chloride - Pesticide residue analysis grade or
equivalent.

GC calibration standard - Prepare a standard solution containing
phenol, phenanthrene, and di-n-octylphthalate.

3.2.1 Stock standard solutions (1.00 ug/ul) - Stock standard

solutions can be prepared from pure standard materials or
purchased solutions.
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3.2.1.1

3.2.1.2

Prepare stock standard solutions by accurately
weighing about 0.0100 g of pure material. Dissol.
the material in pesticide-quality methylene

chloride and dilute to volume in a 10-mb volumetric
flask. tLarger volumes may be used at the
convenience of the analyst. If compound purity is
assayed at 96 percent or greater, the weight may be
used without correction to calculate the
concentration of the stock standard. Commercially
prepared stock standards may be used at any
concentration if they are certified by the
manufacturer or by an independent source and are
traceable to standards supplied by EPA's
Environmental Monitoring Systems Laboratory in Las
Vegas (EMSL-LV).

Transfer the stock standard solutions into Teflon-
sealed, screw-cap bottles. Store at -10 fo
~20°C and protect from light. Stock standard .

solutions should be checked frequently for signs of
degradation or evaporation, especially just prior

to preparing calibration standards from them.

Stock standard solutions must be replaced after 6
months or sooner if comparison with quality control
check samples indicates a problem. Standards
prepared from gases or reactive compounds such as
styrene must be replaced after 2 months, or soconer
if comparison with quality confrol check samples
indicates a problem.

3.2.2 Prepare a working standard mixture of the three compounds in

methylene chloride. The concentration must be such that the

volume injected equals 50 ng of each compound. The storage

and stability requirements are the same as specified in

Section 3.2.1.2. .
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4.0 CALTIBRATION

4.1 At the beginning of each 12-h shift, inject the GC calibration
standard. The following criteria must be

4.1.1 Standardized for half-scale response from 50 ng of
phenanthrene

4.1.2 Adequately separated phenol from the solvent front.

4,1.3 Minimum of quarter-scale response for 50 ng of
di-n-octylphthalate.

5.0 PROCEDURE

5.1 The suggested GC operating conditions for the screening are:

50°C for 4 min
50 to 2809C at 89C/min
280°9C for 8 min

Initial column temperature hold
Column temperature program

Final column temperature hold
Injector - Grob-type, splitiess

1 to 2 uL
Helium at 30 cm3/s.

Sample volume

Carrier gas

]

5.2 Inject the GC calibration standard and ensure the criteria speci-
fied in Section 4.0 are met before injecting samples. Estimate the
response for 10 ng of phenanthrene.

5.3 Inject the prepared extracts.

5.4 Interpretation of Chromatograms
5.4.1 Water Samples

§.4.1.1 1If no sample peaks are detected, or all are less

than full-scale deflection, the undiluted extract
is analyzed on GC/MS.
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5.4.2

5.4.1.2 If any sample peaks are greater than full-scale ‘

deflection, calculate the dilution necessary to
reduce the major peaks to between half- and full-
scale deflection. Use this dilution factor to
dilute the extract for GC/MS anaiysis.

Soil/Sediment Samples

5.4.2.1 If no samplie peaks from the extract (from low or
medium level preparation) are detected, or all are
less than 10 percent full-scale deflection, the
sample must be prepared by the low level protocol.

5.4.2.2 Peaks are detected at greater than 10 percent full-
scale deflection and less than or equal to fuli-
scale deflection.

5.4.2.2.1 If the screen is from the medium level
extract, proceed with GC/MS analysis of
this extract with appropriate dilution
if necessary.

5.4.2.2.2 If screen is from the low level extract,
discard extract and prepare sample by
medium level method for GC/MS analysis.

5.4.2.3 Peaks are detected at greater than full-scale
deflection.

5.4,2.3.1 If the sc¢creen is from the medium level
preparation, calculate the dilution nec-
essary to reduce the major peaks to
between half- and full-scale defiec-
tion. Use this dilution factor to
dilute the extract. This dilution is
analyzed by GC/MS for extractable
organics.
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5.4,2.3.2 If the screen is from the low level
preparation, discard the extract and
prepare a sample by the medium Jevel
method for GC/MS analysis.
5.5 Use the information from Section 5.4 to perform the GC/MS analysis
of semivolatiles.
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GC/MS ANALYSIS OF SEMIVOLATILES .

1.0 SUMMARY OF METHOD

1.1 This method is to be used for the GC/MS analysis-of semivolatiles
screened by the method "Screening of Semivolatile Organic Extracts”
and for confirmation of pesticides/PCBs identified by GC/EC, if
concentrations permit.

2.0 APPARATUS AND EQUIPMENT

2.1 Gas Chromatograph/Mass Specirometer System

2.1.1 Gas chromatograph - An anaiytical system complete with a

2.1.2

2.1.3

temperature~-programmabie gas chromategraph suitable for
splitless injection and all required accessories including
syringes, analytical columns, and gases.

Column - 30 m x 0.25 mm I.D. (or 0.32 mm) bonded-phase sili-
cone coated fused silica capillary column (J&W Scientific
DB-5 or equivalent). A film thickness of 1.0 u is recom-
mended because of its larger capacity. A film thickness of
0.25 u may be used.

Mass spectrometer - Capable of scanning from 35 fo 500 amu
every 1 s or less, utilizing 70 V (nominal) electron energy
in the electron impact ionization mode and producing a mass
spectrum which meets all required criteria when 50 ng of
decafluorotriphenylphosphine (DFTPP) is injected through the
GC inlet. Note: DFTPP criteria must be met before any
sample extracts are analyzed. Any samples analyzed when
DFTPP criteria have not been met will require re-analysis.

D-118



87 .

2 Y
W

e

2.1.4 Data system - A computer system‘must be interfaced to the
mass spectrometer that allows the continuous acquisition and
storage on machine-readable media of all mass spectra ob-
tained throughout the duration of the chromatographic pro-
gram. The computer must have software that allows searching
any GC/MS data file for jons of a specific mass and plotting
such jon abundances versus time or scan number. This type
of plot is defined as an extracted ion current profile
(EICP). Software must also be available that allows inte-
grating the abundance in any EICP between specified time or
scan number limits.

3.0 REAGENTS

3.1

3.2

Internal standards - 1,4-dichlorobenzene-d4, naphthalene-dg,
acenaphthene-djg, phenanthrene-djg, chrysene-dip, perylene-dis.

An internal standard solution can be prepared by dissolving 200 mg
of each compound in 50 mL of methylene chloride. It may be neces-
sary to use § to 10 percent benzene or toluene in this solution
and a few minutes of ultrasonic mixing to dissolve all the con-
stituents. The resulting solution will contain each standard at

a concentration of 4000 ng/ulL. A 10-ul portion of this solutien
should be added to each 1 mL of sample extract. This will give a
concentration of 40 ng/ul of each constituent.

Prepare calibration standards at a minimum of five concentration
levels. Each calibration standard should contain each compound of
interest and each surrogate standard. See Section 7.2.1 for
calibration standard concentrations. Great care must be taken to
maintain the integrity of all standard solutions. Store alil
standard solutions at -10 to -209C in screw-cap amber bottles

with Teflon liners. Fresh standards should be prepared every

12 months at a minimum. The continuing calibration standard
should be prepared weekly and stored at 49C (+20C).
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4.0 CALIBRATION ‘

4.1

4.2

4.3

Each GC/MS system must have the hardware tuned to meet the criteria
listed in Section 7.1 for a 50-ng injection of DFTPP. No sample
analyses can begin until all these criteria are met. These
criteria must be demonstrated each 12-h shift. DFTPP has to be
injected to meet these criteria. Post-acquisition manipulation of
abundances is not acceptable.

The internal standards selected in Section 3.1 should permit most
components of interest in a chromatogram to have retention times of
0.80 to 1.20 relative to the internal standards. Use the base peak
jon from the specific internal standard as the primary ion for
quantification, found in Section 7.1. If interferences are noted,
use the next most intense ion as the secondary ien; i.e., for 1,4-
dichlorobenzene-dg, use m/z 152 for quantification.

4.2.1 The internal standards are added to all calibration stand- .
ards and all sample extracts just prier to analysis by

GC/MS. A 10-ulL aliquot of the internal standard solutien
should be added to a l-mL aliquot of calibration standards.

Analyze 1 ul of each calibration standard and tabulate the area of
the primary characteristic ion against concentration for each com-
pound including the surrogate compounds. Calculate relative re-
sponse factors (RRF) for each compound using the following

equation:
A c
RRF = X x _1®
is Cx
where:
Ay = Area of the characteristic ion for the compound to be .
measured
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4.4

4.5

Ajs = Area of the characteristic jon for the specific internal
standard

Cis = Concentration of the internal standard (ng/ul)

Cx = Concentration of the compound to be measured (ng/ul).

4.3.1 The average relative response factor (RRF) should be calcu-
lated for all compounds. A system performance check must be
made hefore this calibration curve is used. Four system
performance check compounds (SPCC) are checked for a minimum
average relative response factor. The SPCC are N-nitroso-
di-n~-propylamine, hexachlorocyclopentadiene, 2,4-dinitro-
phenol, 4-nitrophencl.

4.3.2 A percent relative standard deviation (%RSD) is calculated
for eleven compounds labeled the calibration check compounds
(CCC) on Form VI (Figures 1 and 2). A maximum %ZRSD is also
specified for these compounds. These c¢riteria must be met
for the calibration curve to be valid.

A check of the calibration curve must be performed once every 12 h
during analysis. The minimum relative response factor for the sys-
tem performance check compounds must be checked. If this criterion
is met, the relative response factors of all compounds are calcu-
lated. A percent difference of the daily (12 h) relative response
factor compared to the average relative response factor from the
initial curve is calculated. A maximum percent difference is
allowed for each CCC on Form VII (Fiqures 3 and 4). Only after
both these criteria are met can sample analysis begin.

Internal standard responses and retention times in all standards
must be evaluated during or immediately after data acquisition. If
the retention time for any internal standard changes by more than
30 s from the latest daily (12 h) calibratjon standard, the
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chromatographic system must be inspected for maifunctions, and co
rections made as required. The EICP of the internal standards must
be monitored and evaluated for each standard. If EICP area for any
internal standard changes by more than a factor of two {-50 to

+100 percent), the mass spectrometric system must be inspected for
malfunction and corrections made as appropriate. When corrections
are made, re-analysis of samples analyzed while the system was mal-

functioning is necessary.

PROCEDURE -

5.1 Operating Conditions

5.1.1 The following instrumental parameters for the mass spectro-
meter are required for all performance tests and for all
sampie analyses:

Electron energy - 70 V (nominal) .
Mass range - 35 to 500 amu )
Scan time - not to exceed 1 s/scan.

§.1.2 The recommended GC operating conditions to be used are as
follows:

40°C for 4 min

40 to 270°C at
109C/min
270°C for 10 min

Initial column temperature hold

Column temperature program

Final column temperature hold

Injector temperature ~ 250 to 300°C
Transfer line temperature ~ 250 to 300°C
Source temperature ~ according to manufac-
turer's specifications
Injector - Grob-type, splitless
Sample volume - 1to 2 ul
Carrier gas - Helium at 30 ecm3/s .
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5.2 Combine 0.5 mL of the base/neutral extract and 0.5 mL of the acid

5.3

5.4

5.5

extract from the water extract prior to analysis.

Internal standard solution is added to each sample extract. For
water and/or medium soiil extracts, add 10 ul of internal standard
solution to each accurately measured 1.0 mL of sample extract. If
the low soil extracts required a pesticide split, add 9.5 ul of
internal standard solution to each accurately measured 0.9% mL of
sample extract.

Analyze the 1.0-mL extract by GC/MS using a bonded-phase silicone-
coated fused silica capillary column. MNote: Make any extract
dilution indicated by characterization prior to the addition of
internal standards. If any further dilutions of water or soil/
sediment extracts are made, additional internal standards must be
added to maintain the required 40 ng/ul of each constituent in the
extract volume. If the concentration of any compound exceeds the
initial calibration range, the extract must be diluted and
re-analyzed. Secondary jon quantitation is only allowed when there
are sample interferences with the primary ion. If secondary ion
quantitation is performed, document the reasons.

Qualitative Analysis

5.5.1 The method parameters shall be identified by an analyst com-
petent in the interpretation of mass spectra by comparison
of the sampie mass spectrum to the mass spectrum of a stand-
ard of the suspected compound. Two criteria must be satis-
fied to verify the identifications: (1) elution of the
sample component at the GC relative retention time as the
standard compenent, and (2) correspondence of the sample
component and standard component mass spectra.

5.6.1.1 For establishing correspondence of the GC relative
retention time (RRT), the sample component RRT must
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§.5.1.3

[P

compare within +0.06 RRT units of the RRT of the.
standard component. For reference, the standard
must be run on the same shift as the sample. If
coelution of interfering components prohibits
accurate assignment of the sample component RRT

from the total ion chromatogram, the RRT should be
assigned by using extracted ion current profiles

for ions unique to the component of interest.

For comparison of standard and sample component
mass spectra, mass spectra obtained on the con-
tractor's GC/MS are required. Once cbtained, these
standard spectra may be used for identification
purposes only if the GC/MS meets the DFTPP daily
tuning requirements. These standard spectra may

be obtained from the run used to obtain reference

RRTs. .

The requirements for qualitative verification by
comparison of mass spectra are as follows:

1. All ions present in the standard mass spectra
at a relative intensity greater than 10 per-
cent (most abundant ion in the spectrum equals
100 percent) must be present in the sample
spectrum.

2. The relative intensities of ions specified in
(1) must agree within 20 percent between the
standard and sample spectra. (Example: For
an ion with an abundance of 50 percent in the
standard spectra, the corresponding sample ion
abundance must be between 30 and 70 percent.)
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3. lons greater than 10 percent in the sample
spectrum but not present in the standard spec-
trum must be considered and accounted for by
the analyst making the comparison. - The verifi-
cation process should favor false positives.
A1l compounds meeting the identification cri-
teria must be reported with their spectra. For
all compounds below the contract required
detection 1imit (CRDL), report the actual value
followed by "J"; e.g., "3J".

5.5.1.4 If a compound cannot be verified by all of the

criteria in Section 5.5.1.3, but in the technical
judgment of the mass spectral inferpretation
specialist, the identification is correct, then
that identification will be reported and quanti-
fication proceeded per Section 6.0.

5.5.2 A library search shall be executed for non-method parameters
for the purpose of tentative identification. For this pur-

pose, the 1985 release of the National Bureau of Standards
{NBS) Mass Spectral Library (or more recent release),
containing 42,261 spectra, shall be used.

5.5.2.1

Up to 20 non-method parameters of greatest apparent
concentration for the combined base/neutral/acid
fraction shall be tentatively identified via a
forward search of the NBS mass spectral library.
(Substances with responses less than 10 percent of
the nearest internal standard are not required to
be searched in this fashion.) Only after visual
comparison of sample spectra with the nearest
library searches will the mass spectral interpre-
tation specialist assign a tentative identifica-
tion. MNote: Computer-generated library search
routines must not use normalization routines that
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would misrepresent the library or unknown Spectr.
when compared to each other.

5.6.2.2 Guidelines for making tentative identification

1. Relative intensities of major ions in the
reference spectrum (ions greater than 10 per-
cent of the most abundant ion) should be
present in the sample spectrum.

2. The relative intensities of the major ions
should agree within +20 percent. (Example:
For an ion with an abundance of 50 percent in
the standard spectra, the corresponding sample
jon abundance must be between 30 and 70
percent}.

3. Molecular jons present in reference spectrum .
should be present in sample spectrum.

4. Ions present in the sample spectrum but not in
the reference spectrum should be reviewed for
possible background contamination or presence
of co-eluting compounds.

5. Ions present in the reference spectrum but not
in the sampie spectrum should be reviewed for
possible subtraction from the sample spectrum
because of background contamination or
co-eluting compounds. Note: Data system
library reduction programs can sometimes create
these discrepancies.

5.5.2.3 If in the technical judgment of the mass interpr-.
tation spectral specialist, no valid tentative

identification can be made, the compound should be
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reported as unknown. The mass spectral special-
ist should give additional classification of the
unknown compound, if possible (i.e., unknown
phthalate, unknown hydrocarbon, unknown acid type,
unknown chlorinated compound). If probable
molecutlar weights can be distinguished,‘inc1ude
them.

6.0 CALCULATIONS

6.1

Method parameters identified shall be quantified by the infernal
standard method. The internal standard used shall be the one
nearest the retention time to that of a given analyte. The EICP
area of characteristic ions of analytes listed in Tables 1, 2, and
3 is used.

Internal standard responses and retention times in all samples must
be evaluated during or immediately after data acquisition. If the
retention time for any internal standard changes by more than 30 s
from the latest daily (12 h) calibration standard, the chromato-
graphic system must be inspected for malfunctions, and corrections
made as required. The EICP of the internal standards must be moni-
tored and evaluated for each sample, blank, matrix spike, and
matrix spike duplicate., If the EICP area for any internal standard
changes by more than a factor of two (-50 to +100 percent), the
mass spectrometric system must be inspected for malfunction and
corrections made as appropriate. If the analysis of a subsequent
sample or standard indicates that the system is functioning
properly, corrections may not be required. The samples or
standards with EICP areas outside the limits must be re-analyzed,
and treated according to Sections 6.1.1 and 6.1.2 below. If cor-
rections are made, the laboratory must demonstrate that the mass
spectrometric system is functioning properly. This must be accom-
plished by the analysis of a standard or sampie that does meet the
EICP criteria. After corrections are made, re-analysis of samples
analyzed while the system was malfunctioning is required.
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Table 1. Characteristic Ions for Semivolatile Method Parameters

Parameter Primary Ion Secondary Ion(s)
Pheneol 94 65, 66
bis{-2-Chloroethyl)ether 93 63, 95
2-Chlorophenol 128 64, 130
1,3-Dichlorobenzene 146 148, 113
1,4-Dichloreobenzene 146 148, 113
Benzyl alcohol 108 79, 77
1,2-Dichlorobenzene 146 148, 113
2-Methylphenol 108 107
bis(2-Chloroisopropyl)ether 45 17, 79
4-Methylphenol 108 107
N-Nitroso-di-propylamine 70 42, 101, 130
Hexachloroethane 117 201, 199
Nitrobenzene 77 123, 65
Isophorone 82 95, 138
2-Nitrophenol 139 65, 109
2,4-Dimethyipheno] 107 121, 122
Benzoic acid 122 105, 77
bis(~2-Chloroethoxy)methane 93 95, 123
2,4-Dichlorophenoi 162 164, 98
1,2,4-Trichlorobenzene 180 182, 145
Naphthalene 128 129, 127
4-Chloroaniline 127 129
Hexachlorobutadiene 225 223, 227
4-Chloro-3-methyliphenol 107 144, 142
2-Methylnaphthalene 142 141
Hexachlorocyclopentadiene 237 235, 272
2,4,6-Trichliorophenol 196 198, 200
2,4,5-Trichlorophenol 196 198, 200 N
2-Chloronaphthalene 162 164, 127
2-Nitroaniline 65 92, 138
Dimethy!l phthalate 163 194, 164
Acenaphthylene 152 151, 1563
3-Nitroaniline 138 108, 92
Acenaphthene 153 162, 154
2,4-Dinitrophenol 184 63, 154
4-Nitrophenol 109 139, 65
Dibenzofuran 168 139
2,4~Dinitrotoluene 165 63, 182
2,6-Dinitrotoluene 165 89, 121
Diethyiphthalate 149 177, 150
4-Chlorophenyl-phenylether 204 206, 141
Fluorene 166 165, 167
4-Nitroaniline 138 g2, 108
4,6-Dinitro-2-methylphenol 198 182, 77
N-Nitrosodiphenylamine 169 168, 167
4-Bromophenyl-phenylether 248 250, 141
Hexachlorobenzene 284 142, 249
Pentachlorophenol 266 264, 268
Phenanthrene 178 179, 176
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Table 1. Characteristic Ions for Semivolatile Method Parameters

(Continued)

Parameter Primary Ion Secondary Ion(s)
Anthracene 178 179, 176
Di-n-butylphthalate 149 150, 104
Fluoranthene 202 101, 100
Pyrene 202 101, 100
Butylbenzylphthalate 149 91, 206
3,3'-Dichlorcbenzidine 2582 254, 126
Benzo(a)anthracene 228 229, 226
bis(2-Ethylhexyl)phthalate 149 167, 279
Chrysene 228 226, 229
Di-n-octyl phthalate 149 -
Benzo(b)fluoranthene 252 253, 125
Benzo(k)fluoranthene 252 253, 125
Benzo(a)pyrene 252 253, 1285
Indeno(1,2,3-cd)pyrene 276 138, 227
Dibenz(a, h)anthracene 278 139, 279
Benzo(g, h, i)perylene 276 138, 277
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Table 2. Characteristic Ions for Pesticides/PCBs

Parameter Primary Ion Secondary Ion{s)
Alpha-BHC 183 181, 109
Beta-BHC 181 183, 109
Delta-BHC 183 181, 109
Gamma-BHC (Lindane) 183 - 181, 108
Heptachlor 100 272, 274
Aldrin 66 263, 220
Heptachlor epoxide . 353 355, 351
Endosulfan I 195 339, 341
Dieldrin 79 263, 279
4,4'-DDE 246 248, 176
Endrin 263 82, 81 )
Endosulfan II 337 339, 341
4,4'-DDD 235 237, 165
Endosulfan sulfate 272 387, 422
4,4'-DDT 235 237, 166
Methoxychlor 227 228
Chlordane (alpha and/or gamma) 373 375, 377
Toxaphene 159 231, 233
Arochlor-1016 222 260, 292
Arochlor-1221 190 222, 260
Arochlor-1232 150 222, 260
Arochlor-1242 222 256, 292
Arochlor-1248 292 362, 326
Arochlor-1254 292 362, 326 .
Arochlor-1260 360 362, 394
Endrin ketone 317 67, 318

Table 3. Characteristic Ions for Surrogates and
Internal Standards for Semivolatile Compounds

Compound Primary Ion Secondary Ion{s)
SURROQGATES
Phenol-dg g3 42, 71
2-Fluorophenol 112 64
2,4,6-Tribromophenol 330 332, 141
d-5 Nitrobenzene 82 128, 54
2-Fluorobiphenyl 172 171
Terpheny] . 244 122, 212
INTERNAL_STANDARDS
1,4-Dichlorobenzene-dy 152 115
Naphthalene-dg 136 68
Acenaphthene-dig 164 162, 160
Phenanthrene-dyg 188 94, 80
Chrysene-di» 240 120, 236
Perylene-dy2 264 260, 265
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6.2

6.1.1 If, after re-analysis, the EICP areas for all internal
standards are inside the contract limits (-50 to
+100 percent), the problem with the first analysis is
considered to have been within the control of the
laboratory. Therefore, only submif data from the analysis
with EICP within the contract limits. This is considered
the initial analysis and must be reported as such on all
data deliverables.

6.1.2 If the re-analysis of the sample does not solve the problem
(i.e., the EICP areas are outside the contract limits for
both analyses), submit the EICP data and sample data from
both analyses. Distinguish between the initial analysis and
the re-analysis on all data deliverabies. Document all
inspection and corrective actions taken.

The RRF from the daily standard analysis is used to calculate the
concentration in the sample. Secondary ions may be used if
interferences are present. The area of a secondary ion cannot be
substituted for the area of a primary ion unless a relative
response factor is calculated using the secondary ion. When method
parameters are below CRDL but the spectra meet the identification
criteria, report the concentration with a "J". For example, if
CRDL is 10 ug/L and concentration of 3 ug/L is calculated, report
as "3J",

6.2.1 Calculate the concentration in the sample using the RRF as
determined in Section 4.3 and the following equation:

HWater

Ao ds e
(A; ) (RRF)(V_) (V)

Concentration (ug/L) =
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where:

Area of the characteristic ion for the compound to

;‘ s :‘v‘:_, Ax
N be measured

Ajs = Area of the characteristic ion for-the internal
standard

Ig = Amount of internal standard injected (ng)

Vo = Volume of water extracted (mL)

2457908 20 . 0 ol

Vi = Volume of extract injected (ul)

Vi = Volume of total extract. (Use 2000 uL or a factor
of this when dilutions are made. The 2000 ul is
derived from combining half of the 1-mL base/neutral
extract and half of the 1-mlL acid extract.) .

Soil/Sediment

- , (AT (V)
. Concentration {ug/kg) =
AN {Dry weight basis) (Ais)(RRF)(Vi)(Ns)(D)
e
TR where:
Ay,Ig.A;5 = Same as given for water (above)
Vi = Volume of low level total extract. (Use

1000 ulL or a factor of this when dilutions
Wil are made. If GPC cleanup is used, the volume is
A 2000 ul. The 1000 ul is derived from concen-
trating the 9.5-mL extract to 0.95 mlL.)

PN
[
»
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Vi = Volume of medium level extract. (Use
2000 ulL or a factor of this when dilutions
are made. The 2000 uL is derived from concen-
trating 5 mL of the 10-mbL extract to-1 mL.)
Vs = Volume of extract injected {(ul)
D _ 100 - percent moisture
100
W = Weight of sample extracted (g).

6.3 An estimated concentration for non-method parameters tentatively
identified shall be quantified by the internal standard method.
For quantification, the nearest internal standard free of interfer-
ences shall be used.

6.3.1 The formula for calculating concentrations is the same as in
Section 6.2.1. Total area counts (or peak heights) from the
total ion chromatograms are to be used for both the compound
to be measured and the internal standard. An RRF of one (1)
is to be assumed. The value from this quantitation shall be
qualified as estimated. This estimated concentration should
be calculated for all tentatively identified compounds as
well as those identified as unknowns.

6.4 Calculate surrogate standard recovery on all samples, blanks and
spikes. Determine if recovery is within limits and report on
appropriate form.

6.4.1 If recovery is not within limits {i.e., if two surrogates
from either base/neutral or acid fractions are out of 1limits
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6.4.2

6.4.3

6.4.4

6.4.5

or if recovery of any one surrogate in either fraction is
below 10 percent), the following is required:

1. Check to be sure there are no errors in calculations,
surrogate solutions and internal standards. Also, check

instrument performance.

2. Re-analyze the sample if none of the above reveals a

probliem.

If the re-analysis of the sample solves the problem, then
the problem was within the laboratory’'s control. Therefore,
only submit data from the analysis with surrogate spike re-
coveries within the contract windows. This shall be con-
sidered the initial analysis and shall be reported as such
on all data deliverables.

If none of the steps in Section 6.4.1 or 6.4.2 solve the
problem, re-exiract and re-analyze the sample. 1If the
re-extraction and re-analysis of the sample solves the prob-
lem, the problem was within the laboratory's control.
Therefore, only submit data from the analysis with surrogate

~ gpike recoveries within the contract windows. This shall be

considered the initial analysis and shall be reported as
such on all data deliverables.

If the re-extraction and re-analysis of the sample does not
solve the problem {(i.e., the surrogate recoveries are
outside the contract 1imits for both analyses), submit the
surrogate spike recovery data and the sample analysis data
from analysis of both sample extracts. Distinguish between
the initial analysis and the re-analysis on all data

deliverables,

If the sample with surrogate recoveries outside the limits
is the sample used for the matrix spike and matrix spike .
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duplicate and the surrogate recoveries of the matrix spike
and matrix spike duplicate show the same pattern (i.e., out-
side the 1imits), the sample, matrix spike, and matrix spike
duplicate do not require re-analysis. Documen@ the
similarity in surrogate recoveries.

7.0 QUALITY ASSURANCE/QUALITY CONTROL
7.1 Tuning and GC/MS Mass Calibration

It is necessary to establish that a given GC/MS meets the standard
mass spectral abundance criteria prior to initating any on-going
data collection. This is accomplished through the analysis of
DFTPP.

Definition: The 12-h time period for GC/MS system tuning and
standards calibration {initial or continuing calibration criteria)
begins at the moment of injection of the DFTPP analysis that the

laboratory submits as documentation of a compliant tune. The ime
period ends after 12 h has elapsed according to the system clock.

7.1.1 Each GC/MS system used for the analysis of semivolatile or
pesticide compounds must be hardware tuned to meet the abun-
dance criteria listed in Table 4 for a 50-ng injection of
DFTPP. DFTPP may be analyzed separately or as part of the
calibration standard. The criteria must be demonstrated
daily or for each l12-h period, whichever is more frequent,
before samples can be analyzed. DFTPP must be injected to
meet this criterion. If required, background subtraction
must be straightforward and designed only to eliminate col-
umn bleed or instrument background jons. Background sub-
traction actions resulting in spectral distortions for the
sole purpose of meeting the contract specifications are
unacceptable. Note: ATl instrument conditions must be
identical to those used in sample analysis, except that a
different temperature program may be used.
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7.2

7.1.2 Whenever the analyst takes corrective action which may .

change or affect the tuning criteria for DFTPP (e.g., ion
source ¢leaning or repair, etc.), the tune must be verified
irrespective of the 12-h tuning requirements.

Table 4. DFTPP Key lons and Ion Abundance Criteria

Mass Ion Abundance Criteria
51 30.0 - 80.0 percent of mass 198
68 less than 2.0 percent of mass 69
70 less than 2.0 percent of mass 69
127 40.0 - 60.0 percent of mass 198
187 less than 1.0 percent of mass 198
188 hase peak, 100 percent relative abundance
199 5.0 - 9.0 percent of mass’ 198
275 10.0 - 30.0 percent of mass 198
365 greater than 1.00 percent of mass 198
441 present but Tess than mass 443
442 greater than 40.0 percent of mass 198
443 17.0 - 23.0 percent of mass 442 .
7.1.3 Calibration should be documented in the form of a bar graph

spectrum and as a mass listing.

Form V¥ (GC/MS Tuning and Mass Calibration, Figure 5) should
be completed each time an analytical system is tuned. 1In
addition, all samples, standards, blanks, matrix spikes, and
matrix spike duplicates analyzed during a particular tune
must be summarized in chronological order on the bottom of
the appropriate Form V. Detailed instructions for the
complietion of Form V can be found in the CLP Statement of
Work for Organics Analysis.

Initial Calibration of the GC/MS System

Prior to the analysis of samples and required blanks and after
tuning criteria have been met, the GC/MS system must be initially
calibrated at a minimum of five concentrations to determine the
linearity of response using method parameter standards. Once the
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system has been calibrated, the calibration must be verified each
12-h time period for each GC/MS system.

7.2.1

7.2.2

7.2.3

Prepare calibration standards as described in Section 3.2
containing the semivolatile method parameters at 20, 50, 80,
120, and 160 ng (total). If an analyte saturates alt the
160-ng concentration level, and the GC/MS system is cali-
brated to achieve a detection sensitivity of no less than
the CRDL, the analyst must document it on Form VI (Fig-
ures 6 and 7) and in the Case Narrative, and attach a
quantitation report and RIC. In this instance, the labora-
tory should calculate the results based on & four-point
initial calibration for the specific analyte. The use of

a secondary ijon for quantitation is only allowed when there
are sample interferences with the primary ion. If secondary
jon quantitation is performed, document the reasons in the
Case Narrative. Nine compounds--benzoic acid, 2,4-dinitro-
phenol, 2,4,5-trichlerophenol, 2-nitroaniline, 3-nitro-
aniline, 4-nitroaniline, 4-nitrophenol, 4,6-dinitro-2-
methylphenol, and pentachlorophenol--will only require a
four-point initial calibration at 50, 80, 120, and 160 ng
(total) since detection at less than 50 ng per injection is
difficult,

The U.S5. EPA plans to develop performance-based criteria for
response factor data acquired during this program. To
accomplish this goal, the U.S. EPA has specified both the
concentration levels for initial calibration and the
specific internal standard to be used on a compound-by-
compound basis for quantitation (Table 5). Establishment of
standard calibration procedures is necessary and deviations
by the contractor will not be ailowed.

Analyze each calibration standard and tabulate the area of

the primary characteristic ion (Table 1) against concen-
tration for each compound inciuding all contract required
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Table 5.

Analytes Assigned for Quantification

Semivolatile Internal Standards with Corresponding Method

1,4-Dichlorobenzene-dy

Naphthalene-dg

Acenaphthene-dig

Phenanthrene-dyg

Chrysene-dy2

Perylene-dq2

Phenol
bis (2-Chloroethyl)
ether
2-Chlorophenol
1,3-Dichlorobenzene
1,4-Dichlorobenzene
Benzyl alcohol
1,2-Dichlorobenzene
2-Methylphenol
bis (2-Chloroiso-
propyl) ether
4-Methylphenol
N-nitroso-Di-n-~
propylamine
Hexachloroethane
2-Fluorophenold

Phenol—d6a

Nitrobenzene
Isophorone
2-Nitrophenol
2,4-Dimethyl-
phenol
Benzoic acid
bis (2-Chloro-
ethyxy) methane
2,4-Dichloro-
phenol
1,2,4-Trichloro-
benzene
Naphthalene
4-Chloroaniline
Hexachloro-

butadiene
4-Chloro-3-
methylphenol

2-Methylnaphth-
alene
Nitrobenzene-dg?

Hexachlorocyclo-
pentadiene
2,4,6-Trichloro-
phenol
2,4,5-Trichioro-
phenol
2-Chloronaphthalene
2-Nitroaniline
Dimethyl phthalate
Acenaphthylene
3-Nitroaniline
Acenaphthene
2,4-Dinotrophenol
4-Nitrophenol
Dibenzofuran

2,4-Dinitrotoluene
2,6-Dinitrotoluene
Diethyl phthalate

4-Chlorophenyl-
phenyl ether
Fluorene

4-Nitroaniline
2-Fluorobiphenyld
2,4,6-Tribromo-
phenold

4,6-Dinitro-2-
methylphenol
N-nitrosodi-
phenylamine
1,2-Diphenylhy-
drazine
4-Bromopheny1
phenyl ether
Hexachloro-
benzene
Pentachloro-
phenol
Phenanthrene
Anthracene
Di-n-butyl
hthalate
Fluoranthene

Pyrene
Butylbenzyl
phthalate
3,3'~Dichloro-
benzidine
Benzo{a)-
anthracene
bis (2-
ethylhexyl)
phthalate
Chrysene
Terphenyl-dq4@

Bi-n-octyl
phthalate
Benzo(b)
fluor-
anthene
Benzo(k)
fluor-
anthene
Benzo(a)
pyrene
Indeno
(1,2,3-c)
pyrene
Dibenz
{(2,h)
anthracene
Benzo
?g,h,l)
perylene

a. Surrogate compound
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surrogate compounds. The relative retention times of each
compound in each calibration run should agree within 0.06
relative retention time units. Late eluting compounds
usually will have much better agreement.

Using Table 5 and the following equation, calculate the
RRF for each compound at each concentration level.

p -
g

RRF = XX _is
Ais Cx

where:

Ay = Area of the characteristic ion for the compound
to be measured

Ajs = Area of the characteristic ion for the specific
internal standards from Table 4 or 5

Concentration of the internal standard (ng/ul)

(9]
-
[

"

Cy = Concentration of the compound to be measured
(ng/ul).

Using the RRF from the initial calibration, calculate the
percent relative standard deviations (%RSD) for compounds
labeled on Form VI {Figures 6 and 7) as calibration check
compounds (CCC) and shown in Table 6 using the following
equation:

SD

X

%RSD = x 100
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7.2.4

where: .

SD = Standard deviation of initial response factors (per

compound)

X = Mean of initial relative response factors

(per compound).
SD can be calculated from the following equation.

\[ﬁ (x, %

D = @ 2
i=1

N-1

The %RSD for each individual CCC must be less than or equal
to 30.0 percent. These criteria must be met for the initial

calibration to be valid. .

A system performance check must be performed to ensure that
minimum average relative response factors are met before the

calibration curve is used.

7.2.4.1 For semivolatiles, the system performance check
compounds (SPCCs) are N-nitroso-di-n-propylamine,
hexachlorocyciopentadiene, 2,4-dinitrophenol, and
4-nitrophenol. The minimum acceptable average
relative response factor (RRF) for these compounds
is 0.060. These compounds typically have very low
RRFs (0.1 to 0.2) and tend to decrease in response
as the chromatographic system begins to deteriorate
or the standard material begins to deteriorate.
These compounds are usually the first to show poor
performance. Therefore, they must meet the minimum
requirement when the system is calibrated. .
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7.2.4.2 The initial calibration is valid only after both
the %RSD for CCC and the minimum RRF for SPCC have
been met. Only after both these criteria are met
can sample analysis begin.

7.2.5 Once the initial calibration is validated, calculate and
report the average relative response factor (RRF) and per-
cent relative standard deviation (%RSD) for all method
parameters. Complete and submit Form V (Figure 5) and
Form VI (Figures 6 and 7) for each instrument used to
analyze samples under this protocol. Detailed instructions
for completion of these forms can be found in the CLP
Statement of Work for Organics Analysis.

7.3 Continuing Calibration of GC/MS System

A calibration standard(s) containing all semivolatile method param-
eters, including all required surrogates, must be analyzed each
12-h time period during analysis. Compare the relative response
factor data from the standards each 12 h with the average relative
response factor from the initial calibration for a specific
instrument. A system performance check must be made each 12 h.

If the SPCC criteria are met, a comparison of relative response
factors is made for all compounds. This is the same check that is
applied during the initial calibration (Form VI, Figures & and 7).
If the minimum relative response factors are not met, the system
must be evailuated and corrective action must be taken before sample
analysis begins.

7.3.1 Some possible probiems are standard mixture degradation,
injection port inlet contamination, contamination at the
front end of the analytical column, and active sites in the
column or chromatography system. This check must be metl
before analysis begins. The minimum relative response
factor (RRF) for semivalatile SPCC is 0.050.
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7.3.2 After the system performance check is met, CCCs listed in
Table & are used to check the validity of the initial cal

bration. €alculate the percent difference using the fol-

lowing equation.

RRF; _ RRF

Percent difference = —=~ S x 100
RRF
I
where:
RRF7 = Average response factor from initial calibration
RRFe = Response factor from current verification check

standard.

If the percent difference for any compound is greater than

20 percent, the laboratory should consider this a warning
Timit. If the percent difference for each CCC is less tha

or equal to 25.0 percent, the initial calibration is assumed
to be valid. If the criteria are not met (>25.0 percent

difference), for any one calibration check compound, correc-

tive action must be taken.

Problems simiTar to those listed

under SPCC could affect this criteria. If no source of the

problem can be determined after corrective action has been
taken, a new initial five-point calibration must be gen-
erated. These criteria must be met before sample analysis

begins.

Table 6. Calibration Check Compounds

Base/Neutral Fraction

Acid Fraction

Acenaphthene
1,4-Dichlorobenzene
Hexachlorobutadiene
N-Nitrosodiphenylamine
Di-n-octylphthalate
Fluoranthene
Benzo{a)pyrene

4~-Chloro-3-methyiphenol
2,4-Dichlorophenoi
2-Nitrophenoli

Phenol .
Pentachlorophenol

2,4,6-Trichloropheno]
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7.3.3 The U.S. EPA plans to evaluate the long-term stability of
response factors during this program. Standardization among
contract laboratories is necessary to reach these long-term
goals. Along with contract specified concentrations for
initial calibration, the U.S. EPA is requiring specific con-
centrations for each continuing calibration standard(s).

The concentration for each method parameter in the con-
tinuing calibration standard(s) is 50 ng (total) for all
compounds.

7.3.4 Complete and submit Form VII (Figures 8 and 9) for each
GC/MS system used for each 12-h time period. Calculate and
report the relative response factor and percent difference
for all compounds. Ensure that the minimum RRF for
semivolatile SPCCs is 0.050. The percent difference for
each CCC must be less than or equal to 25.0 percent.
Additional instructions for completing Form VII can be
found in the CLP Statement of Work for Organics Analysis.

7.4 Method Blank Analysis

A method blank is a volume of deionized, distilled laboratory water
for water samples, or a purified solid matrix for soil/sediment
samples, carried through the entire analytical scheme (extraction,
concentration, and analysis). For soil/sediment sampies, a solid
matrix suitable for semivolatile analyses is available from EPA's
Environmental Monitoring Systems Laboratory at Las Vegas

(EMSL-LV). The method blank volume or weight must be approximately
equal to the sampie volumes or sample weights being processed.

7.4.1 For the analysis of semivolatile method parameters, a method
blank analysis must be performed once

1. Each Case, or
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2. Each l4-calendar-day period during which samples in a.
L Case are received (said period beginning with the

PRI receipt of the first sample in that Sample Delivery

B Group), or

3. Each 20 samples in a Case that are of similar matrix

{water or soil) or similar concentration (soil only), or

4. Whenever samples are extracted by the same procedure
(separatory funnel, continuous liquid-liquid extraction,
or sonication),

‘¢q>‘ whichever is most frequent, on each GC/MS or GC system used
e to analyze samples.
B
ZCD 7.4.2 It is the analyst's responsibility to ensure that method-
~ interferences caused by contaminants in solvents, reagents,
“ glassware, and other sample processing hardware that lead
‘ discrete artifacts and/or elevated baselines in gas chroma-
M tograms be minimized.
™
e 7.4.3 For the purposes of this protocol, an acceptable laboratory
o~ method blank should meet the criteria of Sections 7.4.3.1
1cﬁ‘ and 7.4.3.2.

7.4.3.1 A method blank for semivolatile analysis must
contain no greater than five times (5X) the
contract required detection limit (Table D-2)
of the phthalate esters in the method parameter
list.

7.4.3.2 For all other method parameters not listed above,
the method blank must contain less than the CRDL
PO of any single method parameter.

.- + .
- ]
1
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7.4.3.3 If a laboratory method blank exceeds these cri-
teria, the analyst must consider the analytical
system to be out of control. The source of the
contamination must be investigated and appropriate
corrective measures must be taken and documented
before further sampie analysis proceeds. Ajll
samples processed with a method blank that is out
of control (i.e., contaminated) must be
re-extracted and re-analyzed.

7.4.4 Report resuits of method blank analysis using Form I

(Organic Analysis Data Sheet, Figures 1 and 2) and Form I,
TIC (Figure 10). In addition, the samples associated with
each method blank must be summarized on Form IV {Method
Blank Summary, Figure 11). Detailed instructions for the
completion of these forms are in the Contract Laboratory
Program (CLP) Statement of Work for Organic Analysis. ATl
sample concentration data shall be reported as uncorrected
for blanks.

7.5 Surrogate Spike Analysis

Surrogate standard determinations are performed on all samples

and blanks. All samples and blanks are fortified with surrogate
spiking compounds before purging or extraction in order to menitor
preparation and analysis of samples.

7.5.1

Each sample, matrix spike, matrix spike duplicate, and blank
is spiked with surrogate compounds prior to extraction. The
surrogate spiking compounds shown in Table 7 are used to

fortify each sample, matrix spike, matrix spike duplicate,
and blank with the proper concentrations. Performance-based
criteria are generated from laboratory results. Therefore,
deviations from the spiking protocol will not be permitted.
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7.5.2 Surrogate spike recovery must be evaluated by determining

whether the concentration (measured as percent recovery)
falls inside the contract required recovery limits 1isted
in Table 8.

Table 7. Surrogate Spiking Compounds

Amount in Sample Extractd

Compounds Fraction Water Low/Medium Soil
Nitrobenzene-dg BNA 50 ug 50 ug B
2-Fluorobiphenyl BNA 50 ug 50 ug -
p-Terphenyi-dig4 BNA 50 ug 50 ug
Phenol-dg BNA 100 ug 100 ug
2-Fluorophenol BNA 100 ug 100 ug
2,4,6-Tribromophenol BNA 100 ug 100 ug

a. At the time of injection, before any optional dilution.

Table 8. Contract Required Surrogate Spike Recovery Limits

Fraction Surrogate Compound Water Low/Medium Soil
BNA Nitrobenzene-dg 35-114 23-120
BNA 2-Fluorobiphenyl 43-116 30-115 _
BNA = p-Terphenyl-di4 33-141 18-137
BNA Phenol-dg 10-94 24-113
BNA 2-Fluorophenol 21-100 25-121
BNA 2,4,6-Tribromophenol 10-123 19-122

7.5.3 Method Blank Surrogate Spike Recovery

The laboratory must take the actions listed below if
recovery of any one surrogate compound in either the
base/neutral or acid fraction is outside of contract
surrogate spike recovery limits.

7.5.3.1 Check calculations to ensure that there are no

errors; check internal standard and surrogate
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7.5.3.2

7.5.3.3

7.5.3.4

spiking solutions for degradation, contamination,
etc.; also check instrument performance.

Re-analyze the blank extract if steps in Section
7.5.3.1 fail to reveal the cause of the noncompli-
ant surrogate recoveries.

Re-extract and re-analyze the blank.

If the measures listed in Sections 7.5.3.1 and
7.5.3.3 fail to correct the problem, the analytical
system must be considered to be out of control.

The problem must be corrected before continuing.
This may mean recalibrating the instrumentation but
it may also mean more extensive action. The
specific corrective action is Teft up to the GC/MS
operator. When surrogate recovery(ies) in the
blank is (are) outside of the contract required
windows, all samples associated with that blank
must be re-analyzed.

7.5.4 Sample Surrogate Spike Recovery

The laboratory must take the actions listed below if either
of the following conditions exists:

1. Recovery of any one surrogate compound in either
base/neutral or acid fraction is below 10 percent

2. Recoveries of two surrogate compounds in either

base/neutral or acid fractions are outside surrogate

spike recovery limits.

7.5.4.1

The Taboratory shall document (in this instance,
document means to write down and discuss the prob-
lem and corrective action taken) deviations outside
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of acceptable quality control limits and take the .

following actions.

7.5.4.1.1

7.5.4.1.2

7.5.4.1.3

Check calculations to ensure that there
are no errors; check internal standard
and surrogate spiking solutions for
degradation, contamination, etc.; also
check instrument performance.

If the steps in Section 7.5.4.1.1 fail
to reveal a problem, re-analyze the
extract. If re-analysis of the extract
solves the problem, the problem was
within the laboratory's control. There-
fore, only submit data from the analysis
with surrogate spike recoveries within
the contract windows. This shall be

reported as such on all data
deliverables.

If the steps in Section 7.5.4.1.2 fail
to solve the problem, re-extract and
‘re-anaiyze the samplie. If the
re-extraction and re-analysis solves the
problem, the probliem was in the labora-
tory's control. Therefore, only submit
data from the extraction and analysis
with surrogate spike recoveries within
the contract windows. This shall be
considered the initial analysis and
shall be reported as such on all data
deliverables.

If the re-extraction and re-analysis of
the sample does not solve the problem

(i.e., surrogate recoveries are outside
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the contract windows for both analyses),
submit the surrogate spike recovery data
and the sample data from both analyses
according to Section 7.5.5. Distinguish
between the initial ana]ys%s and the
re-analysis on all data deliverables.

7.5.5 Report surrogate recovery data for the following:
1. Method blank analysis
2. Sample analysis
3. Matrix spike/matrix spike duplicate analyses

4. A1l sample re-analyses that substantiate a matrix
effect.

The surrogate spike recovery data are summarized on Form II
(Surrogate Spike Percent Recovery Summary, Figures 12 and
13). Detailed instructions for the completion of Form II
can be found in the CLP Statement of Work for Organic
Analysis.

7.6 Matrix Spike/Matrix Spike Duplicate Analysis

To evaluate the matrix effect of the sample upon the analytical
methodology, the matrix spiking solutions listed in Table 9 should
be used for matrix spike and matrix spike duplicate analyses.
These compounds are subject to change depending upon availability
and suitability for use as matrix spikes.

7.6.1 A matrix spike analysis and matrix spike duplicate analysis
must be performed for each group of sampies of a similar
matrix, once:

1. Each Case of field samples received, or
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2. FEach 20 field samples in a Case, or

3. Each group of samples of a similar concentration level

{soils only), or

4. Each l4-calendar-day period during which samples in a

Case were received (said period beginning with the

receipt of the first sample in that Sample Delivery

Group),

whichever is most frequent.

7.6.2 The amount of matrix spiking solution to be added to the
sample aliquots prior to extraction is stipulated in the

sample prepation methods.

dilution steps which must be accounted for when calculating
percent recovery of the matrix spike and matrix spike dupli-

cate samples.

Samples requiring optional

Each method allows for optional

dilutions and chosen as the

matrix spike or matrix spike duplicate samples, must be

- analyzed at the same diluti
sample.

on as the original unspiked

Table 9. Matrix Spiking Solutions

Base/Neutrals Acids
1,2,4-Trichlorobenzene Pentachlorephenol
Acenaphthene Phenol
2,4-Dinitrotoluene 2-Chlorophenol
Pyrene 4-Chloro-3-methylphenol

N-Nitroso-di-n-propylamine
1,4-Dichlorobenzene

4-Nitrophenol
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7.6.3

7.6.4

7.6.5

Individual component recoveries of the matrix spike are
calculated using the following equation.

SSR - SR
Matrix spike percent recovery = A X 100

Where:
SSR = Spike sample results
SR = Sample result
SA = Spike added from spiking mix.

Calculate the relative percent difference (RPD) between the
matrix spike and matrix spike duplicate using the following
equation.

D D
_l_E;JL_JiL x 100

(D, + D,)/2

RPD =

where:
Dy = First sample value
Dp = Second sample value (duplicate).

The matrix spike results {concentrations) for nonspiked
method parameters shall be reported on Form I (Organic
Analysis Data Sheet, Figures 1 and 2) and the matrix spike
percent recoveries shall be summarized on Form III (MS/MSD
Recovery, Figures 14 and 15). These values will be used by
EPA to periodically update existing performance-based QC
recovery limits (Table 10).

D-151



The results for nonspiked method parameters in the matrix
spike duplicate analysis shall be reported on Form I .
(Organic Analysis Data Sheet, Figures 1 and 2) and the

percent recovery and the relative percent difference shall

be summarized on Form III (MS/MSD Recovery, Figures 14 and

18). The RPD data will be used by EPA to evaluate the
long-term precision of the analytical method. Detailed
instructions for the completion of Form III can be found

in the CLP Statement of Work for Organics Analysis.

Table 10. Matrix Spike Recovery Limits

79 8 4 0

9.2 1 245

Fraction Matrix Spike Compound Water Soil/Sediment
Base/Neutral 1,2,4-Trichiorobenzene 39-98 38-107
Base/Neutral Acenaphthene 46-118 31-137
Base/Neutral 2,4-Dinitrotoiuene 24-96 28-89
Base/Neutral Pyrene 26-127 35-142
Base/Neutral N-Nitroso-di-n-propylamine 41-116 41-126
Base/Neutral 1,4-Dichlorobenzene 36-97 28-104
Acid Pentachlorophenol 9-103 17-109
Acid Phenol 12-89 26-90
Acid 2-Chlorophenoi 27-123 25-102
Acid 4.Chioro-3-Methylphenol 23-87 26-103
Acid 4-Nitrophenol 10-80 11-114

7.7 Quality Control Activities Involved with Sample Analysis

The intent of Section 7.7 is to provide the analyst with a brief
summary of ongoing quality control activities involved with sample
analysis., Specific references are provided to help the analyst
meet specific reporting and deliverables requirements.

7.7.1 Samples can be analyzed upon successful completion of the
initial QC activities. When 12 h have elapsed since the
initial tune was completed, it is necessary to conduct an
instrument tune and calibration check analysis (Sec-
tion 7.2). Any major system maintenance, such as a source
cleaning or installation of a new column, may necessitate a

retune and recalibration. Minor maintenance should necessi-
tate only the calibration verification (Section 7.3).
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7.7.2 Internal Standards Evaluation - Internal standard responses

and retention times in all samplies must be evaluated immedi-
ately after or during data acquisition. If the retention
time for any internal standard changes by more than 30 s,
the chromatographic system must be inspected for malfunc-
tions, and corrections made as required. The EICP of the
internal standards must be monitored and evaluated for each
sample, blank, matrix spike, and matrix spike duplicate. If
the EICP area for any internal standard changes by more than
a factor of two (-50 to +100 percent), from the latest daily
(12-h time period) calibration standard, the mass spectro-
metric system must be inspected for malfunction, and correc-
tions made as appropriate. Breaking off 1 ft of the column
or cleaning the injector sleeve will often improve high end
sensitivity for the late eluting compounds; repositioning or
repacking the front end of the column will often improve
front end column performance. Poor injection technique can
also lead to variable internal standard to internal standard
ratios. When corrections are made, re-analysis of samples
analyzed while the system was malfunctioning is necessary.

7.7.2.1 1If after re-analysis, the EICP areas for all inter-
nal standards are inside the contract limits (-50
to +100 percent), the problem with the first
analysis is considered to have been within the con-
trol of the Taboratory. Therefore, only submit
data from the analysis with EICPs within the
contract limits. This is considered the initial
analysis and must be reported as such on all data
deliverables.

7.7.2.2 1If the re-analysis of the sample does not solve the
problem (i.e., the EICP areas are outside contract
Timits for both analyses), submit the EICP data and
sample data from both analyses. Distinquish
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between the initial analysis and the re-analysis -’
all data deliverables. Document all inspection an
corrective actions taken.

7.7.3 Each analytical run must also be checked_for saturation.
The level at which an individual compound will saturate the
detection system is a function of the overall system sensi-
tivity and the mass spectral characteristics of that com-

pound.

The initial method calibration (Section 7.2) re-

quires that the system should not be saturated for high
response compounds at 160 ng for semivolatile method

parameters.

7.7.3.1

7.7.3.2

If any compound in any sample exceeds the initial
calibration range, that sample must be diluted,

the internal standard concentration re-adjusted,
and the sample re-injected, as described in Sec-

tion 5.4. .

Secaondary ion quantitation is only allowed when
there are samplie matrix interferences with the

primary ion.

If the dilution of the sample causes any compound
detected in the first analysis to be undetectable
in the second analysis, then the results of both
analyses shall be reported on separate Forms I
(Figures 1 and 2).
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SEMIVOLATILE ORGANICS ANALYSIS DATA SHEET EPA SAMPLE NO.

Lab Name: Contract:

Lab Code: ________ Case No.: SAS No.: SDG No.:
Matrix: (soil/water) Lab Sample ID:

Sample wt/vol: ______ (g/mb) ______ _ Lab File ID:

Level: {(low/med) Date Received:

% Moisture: not dec. dec. Date Extracted:
Extraction: (SepF/Cont/Sonc) Date Analyzed:

GPC Cleanup: (Y/N) pH: Dilution Factor:

CONCENTRATION UNITS:

CAS NO. COMPOUND (ug/L or ug/kg) 0
108-95-2~—vmmm Phenol
111-44-4—ne bis {2-Chloroethyl) ether
9557 -8mwmmmm 2-Chlorophenol
B41-73=]cm=ea 1,3-Dichlorobenzene
106-46-7-~---=1,4-Dichlorobenzene
100-51-6~~m=== Benzyl alcohol
95-50~1mm—m=m 1,2-Dichlorobenzene
95 -48-T—=wmmmm 2-Methylphenol
108-60-1~~---- bis-(2-Chloroisopropyl) ether
106-44~5------4-Methylphenol
621-64-7-w====N-Nitroso-di-n-propylamine
B67=-72-1-~m=—eue Hexachleroethane
98-95-3ww—mm-- Nitrobenzene
78-59-1-—a—=-- Isophorone
88-75-5-=—w——- 2-Nitrophenol
105-67-9-=~=—= 2,4-Dimethylphenol
65-85-0-—~meuu Benzoic acid
111-91-1--—=—~ bis {2-Chloroethoxy) methane
120-83-2--~--- 2,4-Dichlorophenal
120-82-1-~-=-- 1,2,4-Trichlorobenzene
91-20-31—m--- Naphthalene
106-47-8--~---4-Chloroaniline
87-68-3-~~—mum Hexachlorobutadiene
FERL IRy R EE 4-Chloro-3-methylphenol
91-57-6~——eurm 2-Methylnaphthaiene
77-47-4memeeem Hexachlorocyclopentadiene
88-06-2-—~==m- 2,4,6-Trichlorophenol
95-95-4——mmmee 2,4,5-Trichlorophenol
91-58~-7-=~~——- 2-Chloronaphthalene
88-74-4-mceenm 2-Nitroaniline
1314113 -=wmew Dimethyiphthalate
208-96-8—— e Acenaphthylene
606-20~2-==~m- 2,6-Dinitrotoluene

FORM I 5V-1 1/87 Rev.

Figure 1. Semivolatile Organics Analysis Data Sheet
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SEMIVOLATILE ORGANICS ANALYSIS DATA SHEET

EPA SAMPLE N.

Lab Hame: Contract:

Lab Code: Case No.: SAS No.: SDG No.:
Matrix: (soil/water) Lab Sample ID:.

Sample wt/vol: (g/mi) Lab File ID:

Level: (low/med)

Date Received:

4 Moisture: not dec. dec. Date Extracted:
Extraction: (SepF/Cont/Sonc) Date Analyzed:

GPC Cieanup: (Y/N)

pH: Dilution Factor:

CONCENTRATION UNITS:

CAS NO. COMPOUND (ug/L or ug/kg) Q
99-09-2-~~-—-- 3-Nitroaniline
83-32-9-—=mnmn Acenaphthene
51-28-B-mcemm- 2,4-Dinitrophenol
100-02~-7---~--4-Nitrophenol
132-64-9~——n-- Dibenzofuran
121142~ ammmm 2,4-Dinitrotoluene
84-66~2-~mmmm=m Diethylphthalate
70056-72-3--~-~4-Chlorophenyl-phenylether
86~73~7~=~~~-=Fluorene
100-01-6--~---4-Nitroanitine
534-52-1-~---- 4,6-Dinitro-2-methylphenol
86-30-6~-—=~—- N-Nitrosodiphenylamine (1)
101-55-3----—--4-Bromophenyl-phenylether
118-74=1~mrmmm Hexachlorobenzene
87-86~b~mmmmme Pentachiorophenol
86-01-8---=---Phenanthrene
120-12-7--~--- Anthracene
84-74-2-ucuuam Di-n-butyiphthalate
206-44-0-==-~- Fluoranthene
129-00-0~~-~-~ Pyrene
85-68-7-—-mm—- Butylbenzylphthalate
91-94~1mmmmm—m 3,3'-Dichlorobenzidine
56-55-3~=—~~-- Benzo(a)anthracene
218-01-9---~~- Chrysene
117-81-7=~emum bis(2-Ethylhexyl)phthalate
117-84-0--~--- Di-n-octylphthalate
205-99-2--—--- Benzo(b)fluoranthene
207-08-9------ Benzo(k)f luoranthene
50-32-8---wu-n Benzo{a)pyrene
193-39-5---num Indeno(1,2,3-cd)pyrene
53-70-3-wmewen Dibenz(a,h)anthracene
191-24-2--—--- Benzo{(g,h,i)perylene
(1) Cannot be separated from diphenylamine .
FORM I sV-2 1/87 Rev.

Figure 2. Semivolatile Organics Analysis Data Sheet, Continued
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SEMIVOLATILE INTERNAL STANDARD AREA SUMMARY

Lab Name: Contract:
Lab Code: _______ Case No.: SAS No.: _______ SDG No.:
Lab File ID (Standard): Date Analyzed:
Instrument ID: Time Analyzed:
1S1 (DCB) 152 (NPT) IS3 (ANT)
AREA¥ RT AREA# RI AREA¥ RT
12 HOUR
37D
UPPER
LIMIT
LOWER
LIMIT
EPA SAMPLE
NQ.
1.
2.
3.
4,
5.
6.
7.
8.
9.
10.
11.
12.
13.
14,
15.
16.
17.
18.
19.
20.
21.
22.
IS1 (DCB) = 1,4-Dichlorobenzene-dg UPPER LIMIT = + 100% of
IS2 (NPT) = Naphthalene-dg internal standard area.
IS3 (ANT) = Acenaphthene-dg LOWER LIMIT = - 50% of
internal standard area.
#Column used to flag internal standard area values with an asterisk
Page ___ of _ FORM YIII sVY-1 1/87 Rev.

Figure 3. Semivolatile Internal Standard Area Summary
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SEMIVOLATILE INTERNAL STANDARD AREA SUMMARY

Lab Name: Contract:
Lab Code: Case No.: SAS No.: 306 No.:
Lab File ID (Standard): Date Analyzed:
Instrument ID: Time Analyzed:
1S4 (PHN) IS5 (CRY) 154 (PRY)
AREA# RT AREA¥ RI AREA# RT
12 HOUR
SIb
UPPER
LIMIT
LOWER
LIMIT
EPA SAMPLE
NO,
1.
2.
3.
4,
5.
6.
7.
8.
9.
10.
11.
12.
13.
14, -
15.
16.
17.
18.
19.
20.
21.
22.
IS4 (PHN) = Phenanthrene-dip UPPER LIMIT = + 100% of
IS5 (CRY) = Chrysene-di2 internal standard area.
156 (PRY) = Perylene-djp LOWER LIMIT = - 50% of

internal standard area.

#Column used to flag internal standard area values with an asterisk

Page __, of ____

FORM VIII SV-2

1/87 Re.

Figure 4. Semivolatile Internal Standard Area Summary, Continued
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SEMIVOLATILE ORGANIC GC/MS TUNING AND MASS
CALIBRATION - DECAFLUOROGTRIPHENYLPHOSPHINE (DFTPP)

Lab Name: Contract:
Lab Code: . Case No.: _______ =~ SAS No.: _________ SDG No.:
Lab File ID; DFTPP Injection Date:
Instrument ID: —_— DFTPP Injection Time:
% RELATIVE
mle ION ABUNDANCE CRITERIA ABUNDANCE
51 | 30.0 - 60.0% of mass 198
68 | Less than 2.0% of mass 69 { )1
69 | Mass 69 relative abundance
70 | Less than 2.0% of mass 69 { )1
127 | 40.0 - 60.0% of mass 198
197 | Less than 1.0% of mass 198
198 | Base peak, 100% relative abundance
199 | 5.0 to $.0% of mass 198
275 10.0 - 30.0% of mass 198
365 Greater than 1.00% of mass 198
441 Present, but less than mass 443
442 | Greater than 40.0% of mass 198
443 | 17.0 - 23% of mass 442 { )2
1-Yalue is % mass 69 2-Yalue is % mass 442

THIS TUNE APPLIES TO THE FOLLOWING SAMPLES, MS, MSD, BLANKS, AND STANDARDS

EPA LAB LAB DATE TIME
SAMPLE NO. SAMPLE 1D FILE ID ANALYZED ANALYZED

Page ___ of ____ FORM v SV 1/87 Rev.

Figure 5. Semivolatile GC/MS Tuning and Mass Calibration
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SEMIVOLATILE ORGANICS INITIAL CALIBRATION DATA

Lab Name:

Lab Code: Case No.:

Instrument ID:

Minimum RRF for SPCC(#) is 0.050

Contract:

SAS No.:

Calibration Date(s):

S0G No.:

Maximum % RSD for CCC(*) is 30.0%

LAB FILE ID:
RRF80 =

RRF20 =
RRF120=

“RRF50 =

RRF160=

COMPOUND

RRF20

RRFB0

RREEO

RRF120

RRF160

RRE_|__RSD

Phenol

x

bis(-2-Chloroethyl)ether

2-Chlorophenol

1,3-Dichlorobenzene

1,4-Dichlorobenzene

Benzyl Alcohol

1,2-Dichlorobenzene

2-Methylphenol

bis(2~chloroisopropyl) ether

4-Methyiphenol

N-Nitroso-di-n-propylamine

Hexachloroethane

Nitrobenzene

Isophorone

2-Nitrophenol

2,4-Dimethyiphenol

Benzoic Acid

bis{2-Chloroethoxy) methane

2,4-Dichlorophencl

1,2,4-Trichlorobenzene

Naphthalene_
4-Chloroanitine

Hexachlorobutadiene

4.-Chloro-3-methyliphenoi

2-Methylnaphthalene

Hexachlorocyclopentadiens

2,4,6-Trichlorophenal

# |aghot g

2,4,5-Trichlorophenal

2-Chloronaphthalene

2-Nitroaniline

Dimethyl phthalate

Acenaphthylene

2,6-Dinitrotoluene

3-Nitreaniline

Acenaphthene

2,4-Dinitrophenol

4-Nitrophenol

| H

*-
#
#*
J

FORM Y¥I SV-1

Figure 6. Semivolatile Organics Initial Calibration Data
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SEMIVOLATILE ORGANICS INITIAL CALIBRATION DATA

Lab Name: Contract:
Lab Code: Case No.: SAS No.: SDG No.:
Instrument ID: ... Calibration Date(s):

Minimum RRF for SPCC(#) is 0.050 Maximum % RSD for CCC(*) is 30.0%

LAB FILE ID: RRF20 = __ o RRF50 =
RRF80 = _ RRF120= RRF160=

COMPQUND RRF20 | RRF50 | RRF8O | RRF120 [RRF16Q | RRE | RSD

é‘_'z . 1 @as i

Dibenzofuran
2,4-Dinitrotoluene
Diethylphthalate
4-Chlorophenyi-phenylether
Fluorene
4-Nitrocaniline
4,6-Dinitro-2-methyiphenol
N-Nitrosodiphenylamine(1l)___* *
4-Bromophenyl-phenylether
Hexachlorobenzene
Pentachlorophenol * *
Phenanthrene
Anthracene
Di-n-butylphthalate
Fluoranthene * *
Pyrene
Butylbenzylphthalate
3,3'-Dichlorobenzidine
Benzo(a)anthracene
Chrysene
bis{2-Ethylhexyl)phthalate
Di-n-octylphthalate__ * *
Benzo(b)}flucranthene
Benzo(k)fluoranthene
Benzo(a)pyrene * *
Indeno(1,2,3-cd)pyrens
Dibenz(a,h)anthracene
Benzo{g,h,i)perylene

Nitrobenzene-dg
2-Fluorobiphenyi
Terphenyi-dyig
Phenoi-dg

2-Fluorophenol
2,4,6-Tribromophenol

(1)Cannot be separated from Diphenylamine

FORM Y¥I SV-2 1/87 Rev.

Figure 7. Semivolatile Organics Initial Calibration Data (Continued)
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SEMIVOLATILE CONTINUING CALIBRATION CHECK

Lab Mame: Contract:

Lab Code: Case No.: SAS No.: SDG No.:
Instrument ID: ___  Calibration Date(s): . Time:

Lab File ID: ____ Init. Calib. Date(s}:

Minimum RRF50 for SPCC (#) is 0.0580 Maximum % D for CCC(*) is 30.0%
COMPOUND RRF | RRF50 | %D
Phenol ¥ *

bis(-2-Chloroethyl)ether
2-Chlorophenaol
1,3-Dichlorobenzene
1,4-Dichlorobenzene * *
Benzyl alcohol
1,2-Dichlorchenzene
2-Methylphenoc]
bis{2-chloroisopropyl) ether
4-Methylphenol

Hexachloroethane
Nitrobenzene
Isophorone
2-Nitrophenol x *
2,4-Dimethylphenc]
Benzoic acid
bis(2-Chloroethoxy) methane
2,4-Dichiorophenc]
1,2,4~Trichlorobenzene
Naphthalene
_|4-Chloroaniline
Hexachlorohutadiene
4-Chloro-3-methyTphenol
2-Methylnaphthalene
Hexachlorocyclopentadiene
2,4,6-Trichlorophenol
2,4,5-Trichlorophenol
2-Chloronaphthalene
2-Nitroaniline
Dimethy] Phthalate
Acenaphthylene
2,6-Dinitrotoliuene
3-Nitroaniline
Acenaphthene
2,4-Dinitrophenol
4-Nitrophenol

K

*

* 13
EYE % I EY )

*

FORM VII SV-1

Figure 8. Semivolatile Continuing Calibration Check
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SEMIVOLATILE CONTINUING CALIBRATION CHECK

Lab Name: Contract:
Lab Code: Case No.: SAS No.: ____ SDG No.:
.. Instrument ID: Calibration Date(s): __________ Time:
Lab File ID: Init. Calib. Date(s):
- Minimum RRF50 for SPCC(#) is 0.050 Maximum % D for CCC(*) is 25.0%
COMPQUND RRF | RRF5O %D
Dibenzofuran
2,4-Dinitrotoluene
Diethylphthalate
4-Chiorophenyl-phenylether
Fluorene

4-Nitroaniline
4,6-Dinitro-2-methylphenci
N-Nitrosodiphenylamine{1)__ * ®
4-Bromophenyl-phenyiether
Hexachlorebenzene
Pentachloropheno] * *
Phenanthrene
Anthracene
Di-n-butylphthalate
Fluoranthene * *
Pyrene
Butylbenzylphthaiate
3,3'-Dichlorobenzidine
Benzo(a)anthracene
Chrysene
bis(2-Ethylhexyli)phthalate
Di-n-octyliphthalate * ®
Benzo(b)fluoranthene
Benzo(k)T luoranthene
Benza(a)pyrene d *
Indeno(1,2,3-cd)pyrene
Dibenz(a,h)anthracene
Benzo(g,h,i)perylene

Nitrobenzene-ds
2-Fluorobiphenyl
Terphenyl-dyig
Phenoi-dg
2-Fluorophenol
2,4,6~Tribromophenol

(1)Cannot be separated from Diphenylamine
FORM VII SV-2 1/87 Rev.

Figure 8. Semivolatile Continuing Calibration Check (Continued)
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SEMIVOLATILE ORGANICS ANALYSIS DATA SHEET EPA SAMPLE Nl‘
TENTATIVELY IDENTIFIED COMPQUNDS3

Lab Name: Contract:
Lab Code: Case No.: SAS No.: SDG No.:
Matrix: (soil/water) . ______ Lab Sample ID:
Sample wt/vel: (g/ml) Lab File ID: _
Level: (low/med) Cate Received:
4% Moisture: not dec. dec. Date Extracted:
Extraction: (SepF/Cont/Sonc) Date Analyzed:
GPC Cleanup: (Y/N) ___ pH: Dilution Factor:

CONCENTRATION UNITS:
Number TICs found: _____ (ug/L or ug/kq)

CAS NUMBER COMPOUND NAME RT EST. CONC. Q

WO~
s o+ s e = 4 v s e

FORM I SVY-TIC 1/87 Rev.

Figure 10. Semivolatile Organics Analysis Data Sheet Tentatively ldentified Compounds
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Lab Name:

l.ab Code:
Lab File ID:

Case No.:

Date Extracted:

Date Analyzed:

Matrix: (soil/water)
Instrument ID:

SEMIVOLATILE METHOD BLANK SUMMARY

Contract:
SAS No.:

Extraction: (SepF/Cont/Sonc)
Time Analyzed:
Level: (low/med)

SDG No.:
Lab Sample ID:

THIS METHOD BLANK APPLIES TO THE FOLLOWING SAMPLES, MS AND MSD:

EPA
SAMPLE NO.

LAB
SAMPLE

ID

LAS
FILE ID

DATE
ANALYZED

COMMENTS:

Page of

FORM IV sV

Figure 11. Semivolatile Method Blank Summary
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Lab Name:

WATER SEMIVOLATILE SURROGATE RECOVERY

Contract:

Lab Code:

51
s2
S3
S4
S5
So

Case No.: _________  SAS No.:

SDG

No.:

EPA
SAMPLE

51 52 53 s4
No. | (NBZ)¥ | (FBPY# | (TPH)¥ | (PHL)#

s
(2Fp)#

56
(18P ¥

OTHER

TOT
ouT

(NBZ)
(FBP)
(TPH)
(PHL)
(2FP)
(TBP)

OC LIMITS

Nitrobenzene-dg (35-114)
2-Fluorobiphenyl (43-116)
Terphenyl-di4 (33-141)
Phenol-dsg {10-94)

2-Fluorophenol {21-100)
2,4,6-Tribromopheno] {10-123)

nuw 4 n 4an

#Column to be used to flag recovery values

*Yalues outside of contract required QC 11m1ts

D Surrogates diluted out

Page

of

FORM II SY¥-1

Figure 12. Water Semivolatile Surrogate Recovery
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Lab Name:

SOIL SEMIVOLATILE SURROGATE RECOVERY

Contract:

Lab Code:
Level: (low/med)

51
52
S3
54
NY:
56

#Column to

Case No.: SAS No.: sS0G

No.:

EPA
SAMPLE NO.

s1 52 53 s4 S5 6
(NBz)# | (rBPY¥ | (TPHY¥ | (PHLY¥ | (2FP)¥ | (TBP)

TOT
GTHER | QUT

(NBZ)
(FBP)
(DCE)
(PHL)
(2FP)
(TBP)

L | I [ I (VI |

0C LIMITS

Nitrobenzene~dg (23-120)
2-Fluorobiphenyl (30-115)
Terphenyl-dis (18-137)
Phenol-dg {24-113)
2-Fluorophenol (25-121)
2,4,6-Tribromophenol (19-122)

be usad to flag recovery values

*Yalues outside of contract required QC 1imits
D Surrogates diluted out

Page

of ___

FORM II SV-2

Figure 13. Soil Semivolatile Surrogate Recovery
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WATER SEMIVOLATILE MATRIX SPIKE/MATRIX SPIKE

DUPLICATE RECOVERY

Lab Name: Contract:
Lab Code: ___ Case No.: ____ SAS No.: SDG No.:
Matrix Spike - EPA Sample No.: -
SPIKE qQc
ADDED | SAMPLE CONC. MS CONC. MS% LIMITS
COMPOUND (ug/L) (ug/L) (ug/L) REC# |  REC.
Phenol 12-89
2-Chlorophenal 27-123
1,4-Dichlorobenzene 36-97
N-Nitroso-di-n-propylamine 41-116
1,2,4-Trichlorobenzene 39-98
4-Chloro-3-methyiphenol 23-97
Acenaphthene 46-118
4-Nitrophenol 10-80
2,4-Dinitrotoluene 24-96
Pentachlorophenol 9-103
Pyrene 26-127
SPIKE .
ADDED MSD CONC. MsD3 Z QC LIMITS
COMPOUND (ug/L) (ug/L) REC RPD¥ [ RPD REC.
Phenol 42 | 12-89
2-Chloropheno! 40 | 27-123
1,4-Dichlorobenzene 28 | 36-97
N-Nitroso-di-n-propylamine 38 | 41-11s
1,2,4=-Trichlorcbenzene 28 | 39-98
4-Chloro-3-methylphenol 42 | 23-97
Acenaphthene 31 | 46-118
4-Nitrophenol 50 | 10-80
2,4-Dinitrotoluene 38 | 24-96
Pentachlorophenol 50 | 9-103
Pyrene 31 | 26-127

#Column to be used to flag recovery and RPD values with an asterisk

*Values outside of QC Timits

RPD: out of outside Timits
Spike Recovery: __ out of ______  outside Timits
COMMENTS:

FORM III SV-1

1/87 Rev. .

Figure 14. Water Semivolatile MS/MSD Recovery
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SOIL SEMIVOLATILE MATRIX SPIKE/MATRIX SPIKE DUPLICATE RECOVERY

Lab Name:

Lab Code: Case No.:
Matrix Spike - EPA Sample No.:

SAS No.:

Level: (low/med)

Contract:

SDG No.:

SPIKE Qc
ADDED {SAMPLE CONC. MS CONC. MS% LIMITS
COMPOUND (ug/kg)| (ug/ka) (ug/kg) REC* | REC.
Phenol 26-90
2-Chlorophenol 28-102
1,4-Dichlorobenzene 28-104
N-Nitroso~di-n-propylamine 41-126
1,2,4-Trichlorobenzene 38-107
4-Chloro-3-methyiphenol 26-103
Acenaphthene 31-137
4-Nitrophenol 11-114
2,4-Dinitrotoluene 28-89
Pentachlorophenal 17-109
Pyrene 35-142
SPIKE
ADDED MSD CONC. MsD% 7 QC LIMITS
COMPOUND (ug/kg) (ug/kg) REC# | RPD# [ RPD | REC.
Phenol 35 26-90
2-Chlorophenol 50 | 26-102
1,4-Dichlorcbenzene 27 | 28-104
N-Nitroso-di-n-propylamine 38 | 41-126
1,2,4-Trichlorobenzene 23 | 38-107
4-Chloro-3-methylphenol 33 {26-103
Acenaphthene - 18 | 31-137
4-Nitrophenol 50 |[11-114
2,4-Dinitrototuene 47 | 28-89
Pentachlorophenol 47 1{17-109
Pyrene 36 | 35-142
#Column to be used to flag recovery and RPD values with an asterisk
*YaTues outside of QC 1imits
RPD: .. out of outside limits
Spike Recovery: ___ _  out of outside limits
COMMENTS:
FORM III SVv-2 1/87 Rev.

Figure 15. Soil Semivolatile MS/MSD Recovery
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The analytical methods that follow are designed to analyze water, soil and
sediment for the organic compounds listed in Table D-3. The methods include
the following: “Sample Preparation for Pesticides/PCBs in Water," “"Sample
Preparation for Pesticides/PCBs in Soil/Sediment," “"Screening of Pesticide/
PCB Extracts,” and "GC/EC Analysis of Pesticides/PCBs.” The methods are
derived from the U.S. EPA's CLP Statement of Work for Organics Analysis
(October 1986).

Problems have been associated with the following compounds covered by these
methods. Alpha-BHC, gamma-BHC, Endosulfan I and II, and Endrin are subject
to decomposition under alkaline conditions.

Because weathering and/or different formulations of chlordane usually medify
the chromatographic pattern exhibited by technical chlordane, the use of
these methods is not appropriate for the determination of technical chlor-
dane. The analysis of the isomers alpha-chlordane and gamma-chlordane by
this method is appropriate, however.

D-171
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Table D-3. Analytes Determined by CLP Pesticides/PCBs Analysis Method .

Contract Required
Detection Limits?

Water Low SoZl/SedimentbsC
Analyte CAS Number (ug/L) ug/kyg)

100. alpha-BHC 319-84-6 0.05 8.0

101. beta-BHC 319-85-7 0.05 8.0

102. delta-BHC 319-86-8 6.05 8.0

103. gamma-BHC (Lindane) 58-89-9 0.05 8.0

104. Heptachlor 76-44-8 0.05 8.0

105. Aldrin 309-00-2 0.06 8.0

106. Heptachlor epoxide 1024-57-3 0.05 8.0

107. Endosuilfan I 959-98-8 0.05 8.0

108. Dieldrin 60-57-1 0.10 16.0

109. 4,4'-DDE 72-55-9 c.10 16.0

110. Endrin 72-20-8 0.10 16.0

111. Endosulfan II 33213-65-9 0.10 16.0

112. 4,4'-DDD 72-54-8 0.10 16.0

113. Endosulfan sulfate 1031-07-8 0.10 16.0

114, 4,4'-DDT 50-29-3 g.10 16.0

115. Endrin ketone 53494-70-5 0.10 16.0

116. Methoxychlor 72-43-5 0.5 80.0

117. alpha-chlordane 5103-71-9 0.5 80.0

118. gamma-chiordane 5103-74-2 0.5 80.0

119. Toxaphene 8001-35-2 1.0 160.0

120. Aroclor-1016 12674-11-2 0.5 80.0

121. Aroclor-1221 11104-28-2 0.5 80.0

122. Arocler-1232 11141-16-5 0.5 80.0

123. Aroclor-1242 53469-21-9 0.5 80.0

124, Aroclor-1248 12672-29-6 0.5 80.0

125. Aroclor-1254 11097-69-1 1.0 160.0

126. Aroclor-1260 11096-82-5 1.0 160.0

a. Specific detection limits are highly matrix dependent. The detection
Timits listed herein are provided for guidance and may not always be
achievable.

b. Detection limits listed for soil/sediment are based on wet weight.
The detection limits calculated by the laboratory for soil/sediment,
calculated on dry weight basis as required by the contract, will be
higher.

c. Contract detection limits (CRDL) for pesticides/PCBs at medium levels

in soil/sediment are 15 times the listed CRDL for pesticides/PCBs at
low levels in soil/sediment.
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SAMPLE PREPARATION FOR PESTICIDES/PCBs IN WATER

1.0 SUMMARY OF METHOD

1.1 A measured volume of sample, approximately 1 L, is solvent

extracted with methylene chloride using a separatory funnel or a
continuous extractor. The methylene chloride extract is dried,
exchanged to hexane, and adjusted to a final volume of 10 mL. The
extract for pesticide/PCB analysis may be prepared from an aliguot
of the extract for semivolatiles, or in a separate extraction pro-
cedure. If it is prepared from the semivolatile extract, refer to
the methods for extraction of semivolatiles.

2.0 INTERFERENCES

2.1

2.2

Method interferences may be caused by contaminants in solvents,
reagents, glassware, and other sample processing hardware that lead
to discrete artifacts and/or elevated baselines in gas chromato-
grams. All of these materials must be routinely demonstrated to

be free from interferences under the conditions of the analysis by
running laboratory reagent blanks. Interferences by phthalate
esters can pose a major problem in pesticide analysis when using
the electron capture detector. These compounds generally appear in
the chromatogram as broad eluting peaks. Common flexible plastics
contain varying amounts of phthalates. These phthalates are easily
extracted or leached from such materials during laboratory opera-
tions. Cross contamination of clean glassware routinely occurs
when plastics are handled. Interferences from phthalates can best
be minimized by avoiding the use of plastics in the laboratory.
Exhaustive clieanup of reagents and glassware may be required to
eliminate background phthalate contamination.

Matrix interference may be caused by contaminants that are coex-
tracted from the sample. The extent of matrix interferences will
vary considerably from source to source, depending upon the nature
and diversity of the site being sampled. The cleanup procedure in

D173



Section 6.3 must he used to overcome such interferences to attem,
to achieve the contract required determination limits (CRDLs). 1%
cleanup procedure in Section 6.4 may be used to remove sulfur
interferences.

3.0 SAMPLE COLLECTION, PRESERVATION. AND HANDLING

3.1 Sample Storage

The samples must be protected from light and refrigerated at
49C (+2°C) from the time of receipt until extraction and
analysis.

3.2 Holding Times

3.2.1 1If separatory funnel procedures are employed for extractions
for pesticide/PCB analyses, extraction of water samples
shall be completed within 5 days of the validated time of
sample receipt (VTSR). If continuous liquid-liquid extrac

tion procedures are employed, extraction of water samples
shall be started within & days of VTSR.

3.2.2 Extracts of water samples must be analyzed within 40 days of
VTSR.

4.0 APPARATUS AND EQUIPMENT

4.1 Glassware (Brand names and cataleg numbers included for illustra-
tion purposes only)

4.1.1 Separatory funnel - 2000 mL with Teflon stopcock.
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Drying column - Chromatographic column approximately 400-mm
long x 19-mm I.D., with coarse frit. (Substitution of a
small pad of disposable Pyrex glass wool for the frit will
help prevent cross-contamination of sample extracts.)

Concentrator tube - Kuderna-Danish, 10 mbL, graduated
{(Kontes K-570050-1025 or equivalent). Calibration must be
checked at the volumes employed in the test. Ground-glass
stopper is used to prevent evaporation of extracts.

Evaporative flask - Kuderna-Danish, 500 mL
(Kontes K-5700010500 or equivalent). Attach to
concentrator tube with springs.

Snyder column - Kuderna-Danish, three-ball macro
(Kontes K-503000-0121 or equivalent).

Snyder column - Kuderna-Danish, two-ball micro
(Kontes K-569001-0219 or equivalent).

Continuous liquid-liquid extractors - Equipped with Teflon
or glass connecting joints and stopcocks requiring no lub-
rication. (Hershberg-Wolf Extractor-Ace Glass Company,
Vineland, NJ P/N 6841-10, or equivalent.)

Vials - Amber glass, 10- to 15-mL capacity, with
Teflon-line screw cap. '

Bottle or test tube - 50 mh with Teflon-1lined screw cap for
sulfur removal,

Chromatographic column for alumina - 8-mb (200-mm x 8-mm

I.D.) Polypropylene column (Kontes K-420160 or equivalent)
or 6-mL (1B0-mm x 8-mm I.D.) glass column (Kontes K-42015%
or equivalent), or 5-mL serological pipets plugged with a
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5.0

small piece of Pyrex glass wool in the tip. The Kontes .
columns may be plugged with Pyrex glass wool or a
polyethylene porous disk (Kontes K-420162}).

4.2 Pyrex glass wool - Pre-rinse glass wool with appropriate solvents
to ensure its cleanliness.

4.3 Silicon carbide boiling chips - Approximately 10/40 mesh. Heat
to 400°C for 30 min or Soxhlet extract with methylene chloride.

4.4 Water bath - Heated, with concentric ring cover, capable of
temperature control (+2°C). The bath should be used in a hood.

4.5 Balance - Analytical, capable of accurately weighing 0.0001 g.

4.6 Nitrogen evaporation device - Equipped with a water bath that
can be maintained at 35 to 40°C. The N-Evap or Organomation _
Associates, Inc. South Beriin, MA (or equivalent) is suitable. .

REAGENTS

5.1 Reagent water - Reagent water is defined as a water in which an
interferent is not observed at or above the CRDL of each parameter
of interest.

5.2 Acetone, hexane, iscoctane (2,2,4~trimethylpentane), methylene
chloride - Pesticide quality or equivalent,

5.3 Sodium sulfate - (ACS) Granular, anhydrous. Purify by heating
at 400°C for 4 h in a shallow tray.

5.4 Alumina - Neutral, Super I Woelm or equivalent. (Universal Scien-

tific, Incorporated, Atlanta, Georgia or equivalent.) Prepare
activity III by adding 7 percent (v/w) reagent water to the Super I
neutral alumina. Tumble or shake in a wrist action shaker for a .
minimum of 2 h or preferably overnight. There should be no lumps
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5.5

5.6

present. Store in a tightly sealed glass container. A 26-cycle
Soxhlet extraction of the alumina with methylene chloride is
required if a solvent blank analyzed by the pesticide technique
indicates any interferences for the compounds of interest.

5.4.1 Alumina equivalency check - Test the alumina by adding the
following surrogate standards in 1:1 acetone/hexane to the
alumina and following Section 6.3.

phenol-dg nitrobenzene-ds
2,4,6-tribromophenol terphenyl-dis
2-f luorophenol 2-fluorobiphenyl

The tribromophenol should not be detected by GC/EC if the
alumina and its activation are acceptable. Also check
recovery of all single component pesticides following the
same procedure. The percent recovery for all single
component pesticides must be 280 percent, except for
endosulfan sulfate which must be 60 percent and endrin

aldehyde which is not recovered. The data must be retained
by the laboratory and made available for inspection during
on-site evaluations.

Sodium hydroxide soTution (10 N) - (ACS) Dissolve 3.30 g of
tetrabutylammonium hydrogen sulfate in 100 mL of distilled water.

Tetrabutylammonium {TBA) - Suifite reagent. Dissolve 3.39 g of
tetrabutylammonium hydrogen sulfate in 100 mL of distilled water.
To remove impurities, extract this solution three times with 20-mL
portions of hexane. Discard the hexane extracts, and add 25 g of
sodium sulfite to the water solution., Store the resulting solu-
tion, which is saturated with sodium sulfite, in an amber bottle
with a Teflon-lined screw cap. This solution can be stored at room
temperature for at least 1 month.
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3. 2

5.7

5.8

5.9

Pasticide surrogate standard spiking solution .

5.7.1 The surrogate standard is added to all samples and calibra-
tion solutions; the compound specified for this purpose is
dibutyichlorendate. .

5.7.2 Prepare a surrogate standard spiking solution at a con-
centration of 1 ug/mL in acetone. Store the spiking
solutions at 49C (+2°C) in Teflon-sealed containers.

The solutions should be checked frequently for stability.
These solutions must be replaced after 12 months, or sooner
if comparison with quality control check samples indicates a
probiem.

Sulfuric acid solution {1 + 1) - Slowly, add 50 mL of HpS04
(sp gr 1.84) to 50 mL of reagent water.

Pesticide matrix standard spiking solution. Prepare a spiking .
solution of acetone or methanol that contains the following
pesticides in the concentrations specified.

Concentration
Pesticide {ug/ml)
Lindane 0.2
Heptachlor 0.2
Aldrin 0.2
Dieldrin 0.5
Endrin 0.5
4,4'-DDT 0.5

Matrix spikes are also to serve as duplicates by spiking two 1-L
portions from the one sample chosen for spiking.
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6.0 PROCEDURE

6.1 Separatory Funnel Extraction

6.1.1

6.1.2

6.1.3

Samples may be extracted using separatory funnel tech-
niques. If emulsions prevent acceptable solvent recovery
with separatory funnel extractions, continuous liquid-Tiquid
extraction (Section 6.2) may be used. The separatory funnel
extraction scheme described below assumes a sample volume of
one liter. Note: If the pesticide/PCB extract is prepared
from an aliquot of the semivolatile extract, refer to the
semivoiatile methods, as well as these procedures.

Using a 1-L graduated cylinder, measure ocut a 1i-L sample
aliquot and place it into a 2-L separatory funnel. Pipet
1.0 mL of surrogate standard spiking solution into the
separatory funnel and mix well. Check the pH of the sample
with wide range pH paper and adjust to between 5 and 9 pH
with 10 N sodium hydroxide and/or sulfuric acid solution

(1 + 1). {(Note: Recovery of dibutyichlorendate will be

low if pH is outside this range.) Add 1.0 mL of pesticide
matrix spiking solution to each of two 1-L portions from the
sample selected for spiking.

Add 60 mL of methylene chioride to the separatory funnel and
extract the sample by shaking the funnel for 2 min, with
periodic venting to release excess pressure. Allow the
organic layer to separate from the water phase for a minimum
of 10 min, If the emuision interface between layers is more
than one-third the volume of the solvent layer, the analyst
must employ mechanical techniques to complete the phase sep-
aration. The optimum technique depends upon the sample, and
may include stirring, filtration of the emulsion through
glass wool, centrifugation, or other physical means. Drain
methylene chloride into a 250-mL Erlenmeyer flask.
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6.1.4

6.1.5

6.1.6

6.1.7

6.

1.8

Add a second 60-mL volume of methylene chloride to the .
sample bottle and repeat the extraction procedure a second
time, combining the extracts in the Erlenmeyer flask.

Perform a third extraction in the same manner.

Assemble a Kuderna-Danish (K-D) concentrator by attaching a
10-mL concentrator tube to a 500-mL evaporative flask.

Other concentration devices or techniques may be used in
place of the K-D if equivalency is demonstrated for all
pesticides listed in Table D-3.

Pour the combined extract through a drying column contain-
ing about 10 e¢m of anhydrous sodium sulfate, and collect
the extract in the K-D concentrator. Rinse the Erlenmeyer
flask and column with 20 to 30 mi of methylene chloride to
complete the quantitative transfer.

Add one or two clean boiling chips to the evaporative ﬂask.
and attach a three-ball Snyder column. Pre-wet the Snyder
column by adding about 1 mL of methylene chloride to the

top. Place the K-D apparatus on a hot water bath (80

to 909C) so that the concentrator tube is partially im-

mersed in the hot water and the entire Tower rounded sur-

face of the flask is bathed with hot vapor. Adjust the
vertical position of the apparatus and the water tempera-

ture as required to complete the concentration in 10 to

15 min. At the proper rate of distillation, the balls of
the column will actively chatter but the chambers will not
floed with condensed solvent. When the apparent volume of
liquid reaches 1 mL, remove the K-D apparatus. Allow it to
drain and cool for at least 10 min.

Momentarily remove the Snyder column, add 50 mlL of hexane

and a new boiling chip and re-attach the Snyder column.

Pre-wet the column by adding about 1 mL of hexane to the .
top. <Concentrate the solvent extract as before. The
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6.1.9

6.1.10

6.1.11

elapsed time of concentration should be 5 to 10 min. When
the apparent volume of liquid reaches 1 mL, remove the K-D
apparatus and allow it to drain and cool at least 10 min.

Remove the Snyder column, rinse the flask and its lower
joint into the concentrator tube with 1 to 2 mL of hexane.
If sulfur crystals are a problem, proceed to Section 6.4.1;
otherwise continue to Section 6.1.10.

Nitrogen blowdown concentration - Place the concentra-

tor tube in a warm water bath (359C) and evaporate

the solvent volume to 0.5 mL using a gentle stream of
clean, dry nitrogen (filtered through a column of activated
carbon). Caution: New plastic tubing must not be used
between the carbon trap and the sample, as it may introduce
interferences. The internal wall of the tube must be
rinsed down several times with hexane during the operation
and the final volume brought to 0.5 mL. During evapora-
tjon, the tube solvent level must be kept below the water

level of the bath. The extract must never be allowed to
become dry.

Dilute the extract to 1 mL with acetone and proceed to
Section 6.3.

6.2 Continuous Liquid-Liquid Extraction

6.2.1

6.2.2

When experience with a sample from a given source indicates
that a serious emulsion problem will result, or if an emul-
sion is encountered in Sectijon 6.1.3 using a separatory
funnel, a continuous extractor should be used.

Using a 1-L graduated cylinder, measure out a 1-L sample of
aliquot and place it into the continucus extracter. Pipet

1.0 mL of surrogate standard spiking solution inte the con-
tinuous extractor and mix well. Check the pH of the sample
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6.3

6.2.3

Alumina

6.3.1

6.3.2

6.3.3

6.3.4

6.3.5

with wide range pH paper and adjust to between 5 and 9 pH

with 10 N sodium hydroxide and/or sulfuric acid solution
(1 +1).

Add 500 mL of methylene chloride to the distilling flask.
Add sufficient reagent water to ensure proper operation and
extract for 18 h. Allow to ccol, then detach the boiling
flask and dry. Concentrate the extract as in Sections
6.1.5 to 6.1.11.

Column Cleanup

Add 3 g of activity III neutral alumina to the 10-mL
chromatographic column. Tap the column to settle the
alumina. Do not pre-wet the alumina.

Transfer the 1 mL of hexane/acetone extract from

Section 6.1.11 to the top of the alumina using a disposable ‘
Pasteur pipet. Collect the eluate in a clean 10-mi

concentrator tube.

Add 1 mL of hexane to the original extract concentrator
tube to rinse it. Transfer these rinsings to the alumina
column. Elute the column with an additionai 9 mL of
hexane. Do not allow the column to go dry during the
addition and elution of the sample.

Adjust the extract to a final volume of 10 mL using hexane.

The pesticide/PCB fraction is ready for analysis. Proceed
to the method "GC/EC Analysis of Pesticides/PCBs."

Store the extracts at 49C (+ 2°C) in the dark in
Teflon~sealed containers until analyses are performed.
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6.4 Optional Sulfur Cleanup

6.4.1

Concentrate the hexane extract from Section 6.1.%9 to 1 nmlL.

6.4.2 Transfer the 1 mL to a 50-mL clear glass bottle or vial with

6.4.3

6.4.4

? 21 24 .7";'3. 8.7 |

a Teflon-lined screw cap. Rinse the concentrator tube with
1 mL of hexane, adding the rinsings to the 50-mL bottle.

Add 1 mL of TBA-sulfite reagent and 2 mL of 2-propancl, cap
the bottie, and shake for at least 1 min. If the sample is
colorless or if the initial color is unchanged, and if clear
crystals (precipitated sodium sulfite) are observed, suffi-
cient sodium sulfite is present. If the precipitated sodium
sulfite disappears, add more crystalline sodium sulfite in
approximately 100-mg portions until a solid residue remains
after repeated shaking.

Add 5 mL of distilled water and shake for at Teast 1 min.
Allow the sample to stand 5 to 10 min. Transfer the hexane

layer (top) to a concentrator ampul and go back to
Section 6.1.10.
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MEDIUM LEVEL PREPARATION FOR ANALYSIS OF PESTICIDES/PCBs .
IN SOIL/SEDIMENT

1.0 SCOPE AND APPLICATION

2.0

1.1

1.2

1.3

This procedure is designed for the preparation of sediment/soil
samples which may contain pesticides/PCBs at a level greater than
1,000 ug/kg.

Samples to be prepared and analyzed by this method must be screened
to determine whether sufficient quantities of pesticides/PCBs are
present. to warrant analysis by the medium level protocol. The use
of gas chromatography with electron capture detection (GC/EC) is
recommended for screening soil/sediment samplies for pesticides/

. PCBs; however, the analyst is at liberty to determine the specific

method of characterization. If the screenings indicate no
detectable poliutants at a level of quantitation of <1000 ug/kg,
the sample should be prepared by the low level method. .

If the extract for pesticide/PCB analysis is to be prepared from an
aliquot of the semivolatile extract, also refer to the specific
instructions in the semivolatile methods.

SUMMARY QOF METHOD

2.1

2.2

2.3

Portions of soil/sediment are extracted and screened by methods of
the contractor’s choice.

IT pesticides/PCBs are detected in the screen at levels above

approximately 1000 ug/kg, a l1-g sample is extracted with 10.0 mi of
hexane for analysis by GC/EC.

If no pesticides/PCBs are detected above 1000 ug/kg, then the
samplie shall be prepared by the Jow level protocol.
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3.0 INTERFERENCES

3.1 Method interferences may be caused by contaminants in solvents,

3.2

reagents, glassware, and other sample processing hardware that
lead to discrete artifacts and/or elevated baselines in the total
ion current profiles. All of these materials must be routinely
demonstrated to be free from interferences under the conditions of
the analysis by running laboratory reagent blanks. Matrix inter-
ferences may be caused by contaminants that are coextracted from
the sample. The extent of matrix interferences will vary consid-
erably from source to source.

The procedure is designed to allow quantitation limits as Tow as
1000 ug/kg for pesticides/PCBs. If peaks are present based on GC
screen, the sample is determined to require a medium level analysis
by GC/EC. Some samples may contain high concentrations of chemi-
cals that interfere with the analysis of other components at lower
levels; the quantitation 1imits in those cases may be significantly
higher.

4.0 SAMPLE COLLECTION, PRESERVATION. AND HANDLING

4.1

4.2

Sample Storage - The samples must be protected from Tight and
refrigerated at 49C (+29C) from the time of receipt until
extraction and analysis.

Holding Times

4.2.1 1If separatory funnel procedures are employed for extractions
for pesticide/PCB analyses, extraction of soil/sediment
samples shall be completed within 10 days of validated time
of sample receipt (VTSR). If continuous liquid-liquid
extraction procedures are employed, extraction of soil/
sediment samples shall be started within 10 days of VTSR.
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4.2.2 Extracts of soil/sediment samples must be analyzed within .
40 days of VT3R.

5.0 APPARATUS AND EQUIPMENT

5.1 Glass scintillation vials -~ At least 20 ml, with screw cap and
Teflon or aluminum foil liner.

5.2 Spatula - Stainless steel or Teflon.
5.3 Balance - Capable of weighing 100 g to the nearest 0.01 g.
5.4 Vials and caps - 2 mL for GC autosampler.

5.5 Pasteur pipet - Disposable glass wool rinsed with methylene
chloride.

5.6 Concentrator tubes - 15 mlL. .

5.7 Ultrasonic cell disruptor - Heat Systems Ultrasonics, Inc.,
Model W-375 SONICATOR or equivalent (375 Watt with pulsing capa-
bitity, No. 200 1/2-in. tapped disruptor horn, and No. 413
1/8-in. standard tapered MICROTIP probe). Note: To ensure that
sufficient energy is transferred to the sample during extraction,
the MICROTIP probe must be replaced if the tip begins to erode.
Erosion of the tip is evidenced by a rough surface.

5.8 Sonabox - Recommended with above disruptors for decreasing
cavitation sound.

5.9 Test tube rack.

5.10 Oven - Drying.
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5.11 Desiccator,

5.12 Crucibles - Porcelain.

5.13 Chromatography column for alumina - 8-mL (200-mm x 8-mm I.D.)

Palypropylene column {Kontes K-420160 or equivalent) or 6-mL
{150-mm x 8-mm I.D.) glass column (Kontes K-420155 or equivalent)
or 5-mL serological pipets plugged with a small piece of Pyrex
glass wool in the tip. (Pyrex glass wool shall be pre-rinsed with
appropriate solvents to ensure its cleanliness). The Kontes
columns may be plugged with Pyrex glass wool or a polyethylene
porous disk (Kontes K420162).

6.0 REAGENTS

6.1

6.2

6.3

6.4

Sodium sulfate - Anhydrous powdered reagent grade, heated at
4009C for 4 h, cooled in a desiccator, and stored in a glass
bottle (Baker anhydrous powder, catalog 3898 or equivalent).

Methylene chloride, hexane, methanol, and acetone - Pesticide
residue analysis grade or equivalent.

Pesticide/PCB Surrogate Standard Spiking Solution

6.3.1 The compound specified is dibutylchlorendate. Prepare a
solution at a concentration of 20 ug/mL in methanol.
Store the spiking solutions at 4°C (+2°C) in Teflon-
sealed containers. The solutions should be checked
frequently for stability. These solutions must be replaced
after 12 months, or socner, if comparison with quality
control check samples indicates a problem.

Pesticide/PCB Matrix Standard Spiking Solutien

6.4.1 Prepare a spiking solution in methanol that contains the
following pesticides in the concentrations specified
below. Store the spiking solutions at 4°C (+29C) in
Teflon-sealed containers.
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6.4.2 These solutions should be checked frequently for stabi]ity‘
These solutions must be replaced after 12 months, or sooner,
if comparison with quality control check samples indicates a

probiem.
Concentration

Pesticide {ug/mb)

Lindane 2.0

Heptachlor 2.0

Aldrin 2.0 -
Dieldrin 5.0 '
Endrin 5.0

4,4'-DDT 5.0

6.5 Alumina - Neutral, super I Woelm (Universal Scientific, Atlanta,
GA) or equivalent. Prepare activity III by adding 7 percent (v/w)
reagent water to the Super I neutral alumina. Tumble or shake on a
wrist action shaker for a minimum of 2 h or preferably overnight.
There should be no lumps present. Store in a tightly sealed glass
container. A 25-c¢cycle Soxhlet extraction of the alumina with meth-
ylene chloride is required if a solvent blank analyzed by the pes-

ticide techniques indicates any interferences for the compounds of
interest.

6.5.1 Alumina Equivalency Check. Test the alumina by adding the
following surrogate standards in 1:1 acetone/hexane to the
alumina and following Section 7.8.

phenol-dg nitrobenzene-dg
2,4,6-tribromophenol terphenyl-diga
2-fluorophenol 2-fluorobiphenyl

The tribromophenol should not be detected by GC/EC if the
alumina and its activation are acceptable. Alsc check

recovery of all single component pesticides following the .
same procedure. The percent recovery for ail single
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component pesticides must be >80 percent, except for
endosulfan sulfate which must be >60 percent and endrin
aldehyde which is not recovered. The data must be retained
by the laboratory and made available for inspection during
on-site evaluatioens. )

6.6 Reagent Water - Reagent water is defined as water in which an

interferent is not observed at or above the contract required
detection Timits (CRDL) of each parameter of interest.

7.0 PROCEDURE

7.1 Transfer the sample container intoc a fume hood. Open the sample

7.2

7.3

7.4

vial and mix the sample. Transfer approximately 1 g {record weight
to nearest 0.1 g) of sample to a 20-mL vial. Wipe the mouth of the
vial with a tissue to remove any sample material. Record the exact
weight of the sample taken. Cap the vial before proceeding with
the next sample to avoid any cross contamination.

7.1.1 Transfer 50 g of soil/sediment to 100-mL beaker. Add 50 mL
of water and stir for 1 h. Determine pH of sample with
glass electrode and pH meter while stirring. Report pH
value on appropriate data sheets. If the pH of the soil is
greater than 11 or Tess than 5, contact the Project Manager
for instructions on how to handle the sample. Document the
instructions. Discard this portion of sample. Note: Re-

covery of dibutylchiorendate will be low if pH is outside
this range.

Add 2 g of anhydrous powdered sodium suifate to the sample and mix
well.

Surrogate standards are added to all samples, spikes, and blanks.
Add 50 ul of surrogate spiking solution to the sample mixture.

Add 1.0 mL of matrix standard spiking solution to each of two 1-g
portions from the sample chosen for spiking.
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7.5

7.6

1.7

7.8

Immediately add 10.0 mL (only 9.0 mL for the matrix spiked samp]e.
of hexane to the sample and disrupt the sample with the 1/8-inch
tapered MICROTIP ultrasonic probe for 2 min with output control
setting at "5," mode switch on “pulse,” and percent duty cycle set

at 50 percent. (If using a sonicator other than Model W-375, refer
to the manufacturer's instructions for appropriate output set-
tings.) Before extraction, make certain that the sodium sulfate is
free flowing and not a consolidated mass. As required, break up
large Tumps with a clear spatula, or very carefully with the tip of
the probe.

Loosely pack disposable Pasteur pipets with 2- to 3-cm glass wool
plugs. Filter the extract through the glass wool and collect at
approximately 5 mL in a concentrator fube,

Transfer 1.0 mL of the hexane extract to a glass concentrator tube
and concentrate to 0.5 mL using nitrogen blowdown concentration.
Add 0.5 mL of acetone to 0.5 mL of hexane extract. Swirl to mix..

The pesticide extract must now be passed through an alumina column
to remove polar interferences.

Alumina Column Cleanup

7.8.1 Add 3 g of activity III neutral alumina to the 10-mL chrom-
atographic column. Tap the column to settle the alumina.
Do not pre-wet the alumina.

7.8.2 Transfer the 1.0 mL of hexane/acetone extract from Sec-
tion 7.7 to the top of the alumina using a disposable
Pasteur pipet. Collect the eluate in a clean, 10-mL con-
centrator tube.

7.8.3 Add 1 mL of hexane to the original extract concentrator
tube to rinse it. Transfer these rinsings to the alumina .
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7.9

7.

10

7.8.4

Observe

7.9.1

7.9.2

column. Elute the column with an additional 9 mL of hex-
ane. Do not allow the column to go dry during the
addition and elution of the sampie.

Concentrate the extract to 1.0 mL using hexane where
methylene chloride is specified. When concentrating
medium level extract, the nitrogen blow